PROBLEM  2.1 

Two  forces  P and  Q are  applied  as  shown  at  Point  A of  a hook  support.  Knowing  that 
P = 75  N and  Q- 125  N,  determine  graphically  the  magnitude  and  direction  of  their 
resultant  using  ( a ) the  parallelogram  law,  ( b ) the  triangle  rule. 


SOLUTION 

{a)  Parallelogram  law: 


(b)  Triangle  rule: 


Wemeasure:  R = 179N,  a=75A°  R = 179  N ^ 75.1°  ◄ 
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PROBLEM  2.2 

Two  forces  P and  Q are  applied  as  shown  at  Point  A of  a hook  support.  Knowing  that 
P = 60  lb  and  Q-  25  lb,  determine  graphically  the  magnitude  and  direction  of  their 
resultant  using  (a)  the  parallelogram  law,  ( b ) the  triangle  rule. 


SOLUTION 

(a)  Parallelogram  law: 


A 


(b)  Triangle  rule: 


Wemeasure:  = 77.1  lb,  a = 85.4°  R = 77.1  lb  ^ 85.4°  ◄ 
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PROBLEM  2.3 

The  cable  stays  AB  and  AD  help  support  pole  AC.  Knowing 
that  the  tension  is  120  lb  in  AB  and  40  lb  in  AD , determine 
graphically  the  magnitude  and  direction  of  the  resultant  of  the 
forces  exerted  by  the  stays  at  A using  {a)  the  parallelogram 
law,  ( b ) the  triangle  rule. 
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SOLUTION 


We  measure: 


( a ) Parallelogram  law: 


(. b ) Triangle  rule: 


We  measure: 


R = 139.1  lb,  y — 67.0° 


i?  = 139.1  lb  ^ 67.0°  ◄ 
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PROBLEM  2.4 

Two  forces  are  applied  at  Point  B of  beam  AB.  Determine 
graphically  the  magnitude  and  direction  of  their  resultant  using 
(a)  the  parallelogram  law,  ( b ) the  triangle  rule. 


SOLUTION 

(a)  Parallelogram  law: 


(b)  Triangle  rule: 


We  measure: 


R = 3.30  kN,  a = 66.6° 


R = 3.30  kN  ^ 66.6°  ◄ 
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PROBLEM  2.5 

(1 

A/ 

A 60° 

The  300-lb  force  is  to  be  resolved  into  components  along  lines  a-a  and  b-b\ 

(a)  Determine  the  angle  a by  trigonometry  knowing  that  the  component 

7 

b' 

along  line  a-a  is  to  be  240  lb.  ( b ) What  is  the  corresponding  value  ot  the 
component  along  b-b'l 
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PROBLEM  2.6 

A 

r\ fio° 

The  300-lb  force  is  to  be  resolved  into  components  along  lines  a-a  and  b-b'. 

(a)  Determine  the  angle  a by  trigonometry  knowing  that  the  component  along 

/ 

b' 

line  b-b  is  to  be  120  lb.  ( b ) What  is  the  corresponding  value  ot  the  component 
along  a-a'l 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


8 


PROBLEM  2.7 

50  N 

Two  forces  are  applied  as  shown  to  a hook  support.  Knowing  that  the 

* (f> — /p 

magnitude  of  P is  35  N,  determine  by  trigonometry  {a)  the  required 

a\  J J 

angle  a if  the  resultant  R of  the  two  forces  applied  to  the  support  is  to 

P ^ 

be  horizontal,  (b)  the  corresponding  magnitude  of  R. 
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PROBLEM  2.8 

For  the  hook  support  of  Problem  2.1,  knowing  that  the  magnitude  of  P is  75  N, 
determine  by  trigonometry  {a)  the  required  magnitude  of  the  force  Q if  the 
resultant  R of  the  two  forces  applied  at  A is  to  be  vertical,  ( b ) the  corresponding 
magnitude  of  R. 

PROBLEM  2.1  Two  forces  P and  Q are  applied  as  shown  at  Point  A of  a hook 
support.  Knowing  that  P = 75  N and  0 = 125N,  determine  graphically  the 
magnitude  and  direction  of  their  resultant  using  (a)  the  parallelogram  law,  ( b ) the 
triangle  rule. 
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PROBLEM  2.9 

t i 

A trolley  that  moves  along  a horizontal  beam  is  acted  upon  by  two 

15°^ 

1600 

\ 

forces  as  shown,  (a)  Knowing  that  a - 25°,  determine  by  trigonometry 
the  magnitude  of  the  force  P so  that  the  resultant  force  exerted  on  the 

a \ 

P 

trolley  is  vertical,  (b)  What  is  the  corresponding  magnitude  of  the 
resultant? 

SOLUTION 


/x  1600  N P 

(a)  = 

sin  25°  sin  75° 

(b)  25°  + f3  + 75°  = 180° 

/?  = 180° -25° -75° 
= 80° 

1600  N_  R 
sin  25°  sin  80° 


P = 3660  N ◄ 


R = 3730  N ◄ 
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PROBLEM  2.10 

A trolley  that  moves  along  a horizontal  beam  is  acted  upon  by  two  forces 
as  shown.  Determine  by  trigonometry  the  magnitude  and  direction  of  the 
force  P so  that  the  resultant  is  a vertical  force  of  2500  N. 


SOLUTION 


F*  = 2500  N 


Using  the  law  of  cosines:  P 2 = (1600  N)2  + (2500  N)2  - 2(1600  N)(2500  N)cos  75° 

/>  = 2596N 

TT  . . , ,,  . sum  sin 75° 

Using  the  law  ot  sines:  = 

1600  N 2596  N 

ef  = 36.5° 

P is  directed  90° -36.5°  or  53.5°  below  the  horizontal.  P = 2600  N ^53.5°  A 
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PROBLEM  2.11 

A steel  tank  is  to  be  positioned  in  an  excavation.  Knowing  that 
a - 20°,  determine  by  trigonometry  {a)  the  required  magnitude 
of  the  force  P if  the  resultant  R of  the  two  forces  applied  at  A is 
to  be  vertical,  (b)  the  corresponding  magnitude  of  R. 


SOLUTION 


Using  the  triangle  rule  and  the  law  of  sines: 
(a)  /?  + 50°  + 60°  = 

p= 


180° 

180° -50° -60° 
70° 


(b) 


425  lb  _ P 
sin  70°  sin  60° 

425  lb  _ R 
sin  70°  ” sin  50° 


P = 392  lb  ◄ 

R = 346  lb  ◄ 
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PROBLEM  2.12 

A steel  tank  is  to  be  positioned  in  an  excavation.  Knowing  that 
the  magnitude  of  P is  500  lb,  determine  by  trigonometry  (a)  the 
required  angle  a if  the  resultant  R of  the  two  forces  applied  at  A 
is  to  be  vertical,  ( b ) the  corresponding  magnitude  of  R. 


SOLUTION 


Using  the  triangle  mle  and  the  law  of  sines: 

(a)  (a  + 30°)  + 60°  + ,9  = 180° 

/?  = 1 80°  -(a  + 30°)  - 60° 

J3  = 90° -a 

sin  (90°  — a r)  _ sin  60° 

425  lb  ~ 500  lb 

90°  -a  = 47.40° 

R _ 500  lb 

} sin  (42.6°  + 30°)  ~~  sin  60° 


a = 42.6°  ◄ 
R=  551  lb  ◄ 
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PROBLEM  2.13 

50N^r 

For  the  hook  support  of  Problem  2.7,  determine  by  trigonometry  ( a ) the 

i — !>— i? 

magnitude  and  direction  of  the  smallest  force  P for  which  the  resultant  R of 

the  two  forces  applied  to  the  support  is  horizontal,  ( b ) the  corresponding 

P ^ 

magnitude  of  R. 
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PROBLEM  2.14 

For  the  steel  tank  of  Problem  2.11,  determine  by  trigonometry 
{a)  the  magnitude  and  direction  of  the  smallest  force  P for 
which  the  resultant  R of  the  two  forces  applied  at  A is 
vertical,  (b)  the  corresponding  magnitude  of  R. 

PROBLEM  2.11  A steel  tank  is  to  be  positioned  in  an 
excavation.  Knowing  that  a - 20°,  determine  by  trigonometry 
( a ) the  required  magnitude  of  the  force  P if  the  resultant  R 
of  the  two  forces  applied  at  A is  to  be  vertical,  (b)  the 
corresponding  magnitude  of  R. 
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PROBLEM  2.15 

Solve  Problem  2.2  by  trigonometry. 

PROBLEM  2.2  Two  forces  P and  Q are  applied  as  shown  at  Point  A of  a hook 
support.  Knowing  that  P = 60  lb  and  Q-  25  lb,  determine  graphically  the 
magnitude  and  direction  of  their  resultant  using  {a)  the  parallelogram  law,  (b)  the 
triangle  rule. 


SOLUTION 


Using  the  triangle  rule  and  the  law  of  cosines: 


Using  the  law  of  sines: 


20°  + 35°  + a = 180° 
a = 125° 

R2  =p2  +Q2 -IPQcosa 
R2  = (60  lb)2  + (25  lb)2 

-2(60  lb)(25  lb) cos  125° 
R2  = 3600  + 625  + 3000(0.5736) 
= 77.108  lb 

sin ft  _ sinl25° 

25  lb_  77.108  lb 
ft  = 15.402° 

70°  + /?  = 85.402° 


R = 77.1  lb  ^ 85.4°  ◄ 
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PROBLEM  2.16 

Solve  Problem  2.3  by  trigonometry. 

PROBLEM  2.3  The  cable  stays  AB  and  AD  help  support 
pole  AC.  Knowing  that  the  tension  is  120  lb  in  AB  and 
40  lb  in  AD , determine  graphically  the  magnitude  and 
direction  of  the  resultant  of  the  forces  exerted  by  the  stays 
at  A using  (a)  the  parallelogram  law,  ( b ) the  triangle  rule. 


SOLUTION 


Using  the  triangle  rule: 


Using  the  law  of  cosines: 


tan  a = — 

10 

a = 38.66° 

„ 6 
tan  6 = — 

10 

p = 30.96° 

a + /3  + y/  = 180° 
38.66° + 30.96° + ^ = 180° 

iff  = 110.38° 


4oib 


R2  =(120  lb)2  +(40  lb)2  -2(120  lb)(40  lb) cos  1 10.38° 
R = 139.08  lb 


Using  the  law  of  sines: 


sin y _ sinl  10.38° 
40  lb_  139.081b 


y = 15.64° 

(f>  = (90°  - a)  + y 
^ = (90°  -38.66°)  + 15.64° 

0 = 66.98°  R = 139.1  lb  ^ 67.0°  ◄ 
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2kN 


PROBLEM  2.17 

Solve  Problem  2.4  by  trigonometry. 

PROBLEM  2.4  Two  forces  are  applied  at  Point  B of 
beam  AB.  Determine  graphically  the  magnitude  and 
direction  of  their  resultant  using  (a)  the  parallelogram 
law,  (b)  the  triangle  rule. 


SOLUTION 


Using  the  law  of  cosines: 


Using  the  law  of  sines: 


R2  = (2  kN)2  +(3  kN)2 

-2(2  kN)(3  kN)cos80' 
R = 3.304  kN 

sin  y _ sin  80° 

2 kN  _ 3.304  kN 


y= 36.59° 
j3+y+ 80°  = 180° 

y = 180°  -80°  -36.59° 
7=63.41° 

0 = 180°-/? + 50° 

0 = 66.59° 


R = 3.30  kN  ^ 66.6°  ◄ 
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PROBLEM  2.18 

Two  structural  members  A and  B are  bolted  to  a bracket  as  shown. 
Knowing  that  both  members  are  in  compression  and  that  the  force 
is  15  kN  in  member  A and  10  kN  in  member  B , determine  by 
trigonometry  the  magnitude  and  direction  of  the  resultant  of  the 
forces  applied  to  the  bracket  by  members  A and  B. 


SOLUTION 

Using  the  force  triangle  and  the  laws  of  cosines  and  sines: 

We  have 

y= 180°  -(40°  + 20°) 

0 

o 

O 

<N 

II 

\S  kN 

Then 

7?2  = (15  kN)2  +(10kN)2 

- \ Y 

-2(15  kN)(10kN)  cos  120° 

= 475  kN2 

\ r* 

R = 21.794  kN 

v 10  kN 

and 

10  kN_  21.794  kN 
sin  a sin  120° 

( 10  kN  V 

sina=  sml20 

V 2 1.794  kN  J 

= 0.39737 

«r  = 23.414 

Hence: 

(/>  = cc  + 50°  = 73.414 

R = 21.8  kN^  73.4°  ◄ 
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PROBLEM  2.19 

Two  structural  members  A and  B are  bolted  to  a bracket  as  shown. 
Knowing  that  both  members  are  in  compression  and  that  the  force 
is  10  kN  in  member  A and  15  kN  in  member  B , determine  by 
trigonometry  the  magnitude  and  direction  of  the  resultant  of  the 
forces  applied  to  the  bracket  by  members  A and  B. 


SOLUTION 


Using  the  force  triangle  and  the  laws  of  cosines  and  sines 


We  have 


Then 


and 


y=  180°  -(40°  + 20°) 
= 120° 


R2  = (10  kN)2  + (15  kN)2 

-2(10  kN)(15  kN)  cos  120° 
= 475  kN2 
R = 21.794  kN 


15  kN  21.794  kN 


sina 
sin  a: 


a 


sin  120° 


r 15  kN  N 
[21-794  kN, 
0.59605 
36.588° 


sin  120° 


Hence: 


<t>  = a+  50°  = 86.588° 


R = 21.8  kN^  86.6°  ◄ 
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PROBLEM  2.20 

For  the  hook  support  of  Problem  2.7,  knowing  that  P = 75  N and  a - 50°, 
determine  by  trigonometry  the  magnitude  and  direction  of  the  resultant  of 
the  two  forces  applied  to  the  support. 

PROBLEM  2.7  Two  forces  are  applied  as  shown  to  a hook  support. 
Knowing  that  the  magnitude  of  P is  35  N,  determine  by  trigonometry  {a)  the 
required  angle  a if  the  resultant  R of  the  two  forces  applied  to  the  support  is 
to  be  horizontal,  ( b ) the  corresponding  magnitude  of  R. 


SOLUTION 

Using  the  force  triangle  and  the  laws  of  cosines  and  sines: 

SONS 

We  have 

/3  = 1 80°  - (50°  + 25°) 

»£=SO"\ 

= 105° 

Then 

R2  = (75  N)2  + (50  N)2 

-2(75  N)(50  N)cos  105° 

R2  = 10066.1  N2 

R = 100.330  N 

and 

sin/  sin  105° 

75  N~  100.330  N 

sin  7 =0.72206 

7 = 46.225° 

Hence: 

7-25°  = 46.225°  - 25°  = 21.225° 

R = 100.3  N -y*  21.2°  ◄ 
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y 

Dimensions 
in  mm 

O 

800 

PROBLEM  2.21 

Determine  the  x and  y components  of  each  of  the  forces  shown. 

> 

s 

800 

! 

600 

i 

r 

900 

1 

424  n/ 

/ 

/ 

/ 

f 

\ 408  N 

\ 

\ 

\ 

X 

560  -I-  480—1 

SOLUTION 


Compute  the  following  distances: 


800-N  Force: 


424-N  Force: 


408-N  Force: 


OA  = 7(600  )2  +(800)2 
= 1000  mm 

OB  = (560)2  + (900)2 
= 1060  mm 

OC  = n/(480)2  + (900  )2 
= 1020  mm 


800 
1000 

600 
1000 

560 
1060 

F =-(424  N ) — 
y 1060 


Fx  =+(800  N) 
Fy  =+(800  N) 
Fx  =-(424  N) 


Fx  =+(408  N) 
F,,  =-(408  N) 


480 

1020 

900 

1020 


Fx  = +640  N ◄ 
Fy  = +480  N ◄ 
Fx  = -224  N ◄ 
= -360  N ◄ 
Fx  =+192.0  N ◄ 
Fy  = -360  N ◄ 
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PROBLEM  2.22 

Determine  the  x and  y components  of  each  of  the  forces  shown. 


SOLUTION 

Compute  the  following  distances: 


29-lb  Force: 


50-lb  Force: 


51 -lb  Force: 


O4  = a/(84)2  +(80)2 
= 116  in. 

OB  = V(28)2  + (96)2 
= 100  in. 

<9C  = V(48)2  +(90)2 
= 102  in. 

84 

F =+(29  lb)—— 

* 116 


Fy  = +(29  lb) 
Fx  =-(50  lb) 

Fy  =+(50  lb) 


80 

116 

28 

loo 

96 

Too 


48 

F =+(51  lb) — — 
* 102 

90 

Fv  =-(51  lb) 

y 102 


Fx  =+21.0  lb  ◄ 


Fy  =+20.0  lb  ◄ 
Fx  =-14.00  lb  ◄ 
Fy  = +48.0  lb  ◄ 
Fx=+  24.01b  ◄ 
Fy  =-45.0  lb  ◄ 
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y 

PROBLEM  2.23 

60  11  > 

Determine  the  x and  y components  of  each  of  the  forces  shown. 

Y^250 

x 

s 5o°~*" 

40  lb 

50 11) 

SOLUTION 

40-lb  Force: 

Fx  =+(40  lb)  cos  60° 

Fx  = 20.0  lb  ◄ 

Fy  =-(40  lb)  sin  60° 

Fy  = -34.6  lb  ◄ 

50-lb  Force: 

Fx  =-(50  lb)  sin  50° 

Fx  =-38.3  lb  ◄ 

Fy  =-(50  lb)  cos  50° 

Fy  = -32.1  lb  ◄ 

60-lb  Force: 

Fx  =+(60  lb)  cos  25° 

Fx  = 54.4  lb  ◄ 

Fy  =+(60  lb) sin 25° 

Fy  = 25.4  lb  ◄ 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


25 


[/ 


120  N 


150  N 


SON 


PROBLEM  2.24 

Determine  the  x and  y components  of  each  of  the  forces  shown. 


SOLUTION 

80-N  Force: 

Fx  =+(80  N)  cos  40° 

Fx  = 61.3  N ◄ 

Fy  =+(80  N)  sin  40° 

Fy  =51.4  N ◄ 

120-N  Force: 

Fx  = +(120  N)  cos  70° 

Fx  =41.0  N ◄ 

Fy  =+(120  N)  sin  70° 

Fy  =112.8  N ◄ 

150-N  Force: 

Fx  =-(150  N) cos  35° 

Fx  = -122.  9 N ◄ 

Fy  =+(150  N)  sin  35° 

Fy  =86.0  N ◄ 
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PROBLEM  2.25 

Member  BD  exerts  on  member  ABC  a force  P directed  along  line  BD. 
Knowing  that  P must  have  a 300-lb  horizontal  component,  determine 
{a)  the  magnitude  of  the  force  P,  ( b ) its  vertical  component. 
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PROBLEM  2.26 

The  hydraulic  cylinder  BD  exerts  on  member  ABC  a force  P directed  along 

Q' 

60°  1 

line  BD.  Knowing  that  P must  have  a 750-N  component  perpendicular  to 

member  ABC , determine  (a)  the  magnitude  of  the  force  P,  ( b ) its  component 

parallel  to  ABC. 

D* 
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PROBLEM  2.27 

dg 

The  guy  wire  BD  exerts  on  the  telephone  pole  AC  a force  P directed  along 

* J 

BD.  Knowing  that  P must  have  a 120-N  component  perpendicular  to  the 

\ 

\ 

pole  AC,  determine  (a)  the  magnitude  of  the  force  P,  ( b ) its  component 

&J°\ 

along  line  AC. 

, 

c LI 

D 
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PROBLEM  2.28 

The  guy  wire  BD  exerts  on  the  telephone  pole  AC  a force  P directed 
along  BD.  Knowing  that  P has  a 180-N  component  along  line  AC, 
determine  (a)  the  magnitude  of  the  force  P,  ( b ) its  component  in  a 
direction  perpendicular  to  AC. 
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PROBLEM  2.29 

Member  CB  of  the  vise  shown  exerts  on  block  B a force  P 
directed  along  line  CB.  Knowing  that  P must  have  a 1200-N 
horizontal  component,  determine  ( a ) the  magnitude  of  the 
force  P,  (b)  its  vertical  component. 
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Cl 

* 

PROBLEM  2.30 

A ^ 

/ 

Cable  AC  exerts  on  beam  AB  a force  P directed  along  line  AC.  Knowing  that  P 
must  have  a 350-lb  vertical  component,  determine  (a)  the  magnitude  of  the 
force  P,  ( b ) its  horizontal  component. 

W 

1 4 

\j 

MT 

B 

Q 
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PROBLEM  2.31 

Determine  the  resultant  of  the  three  forces  of  Problem  2.22. 

PROBLEM  2.22  Determine  the  x and  y components  of  each  of 
the  forces  shown. 


SOLUTION 

Components  of  the  forces  were  determined  in  Problem  2.22: 


Force 

x Comp,  (lb) 

y Comp,  (lb) 

291b 

+21.0 

+20.0 

501b 

-14.00 

+48.0 

51  lb 

+24.0 

^15.0 

Rx  =+31.0 

Ry  =+23.0 

R - i?xi  + Ry  j 
= (3 1 .0  lb)i  + (23.0  lb)  j 

tan  a = — 

A 

23.0 
~~  31.0 
a = 36.513° 

_ 23.0  lb 

_ sin  (36.573°) 

= 38.601  lb 


R7  = 23.0  j 


/ 


'X- 


\X 


= 31.0  i 


R = 38.6  lb  A.  36.6°  ◄ 
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150  N 


120  N 


SO  N 


PROBLEM  2.32 

Determine  the  resultant  of  the  three  forces  of  Problem  2.24. 

PROBLEM  2.24  Determine  the  x and  y components  of  each  of  the 
forces  shown. 


SOLUTION 


Components  of  the  forces  were  determined  in  Problem  2.24: 


Force 

x Comp.  (N) 

y Comp.  (N) 

80  N 

+61.3 

+51.4 

120  N 

+41.0 

+112.8 

150  N 

-122.9 

+86.0 

Rx  = -20.6 

Ry  =+250.2 

R=Rxi  + Ryj 

= (-20.6  N)i  + (250.2  N)j 

Ry 

tan  a = — - 

K 

250.2  N 

tan  a = 

20.6  N 

tanct  = 12.1456 

a = 85.293° 

R_  250.2  N 
” sin 85.293° 


R = 251N  ^ 85.3°  ◄ 
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x 


PROBLEM  2.33 

Determine  the  resultant  of  the  three  forces  of  Problem  2.23. 

PROBLEM  2.23  Determine  the  x and  y components  of  each  of 
the  forces  shown. 


SOLUTION 


Force 

x Comp,  (lb) 

y Comp,  (lb) 

401b 

+20.00 

-34.64 

501b 

-38.30 

-32.14 

601b 

+54.38 

+25.36 

Rx  =+36.08 

Ry  =-41.42 

R 


tan  a 


tancif 

tan  a 
a 

R 


Rxi  + Ry] 

(+36.08  lb)i  + (-41.42  lb)j 

N 

A 

41,42  lb 
36.08  lb 
1.14800 
48.942° 

41.42  lb 
sin  48.942° 


R = 54.9  lb  ^ 48.9°  ◄ 
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PROBLEM  2.34 

Determine  the  resultant  of  the  three  forces  of  Problem  2.21. 

PROBLEM  2.21  Determine  the  x and  y components  of  each  of 
the  forces  shown. 


SOLUTION 

Components  of  the  forces  were  determined  in  Problem  2.21 : 


Force 

x Comp.  (N) 

y Comp.  (N) 

8001b 

+640 

+480 

4241b 

-224 

-360 

4081b 

+192 

-360 

Rx  = +608 

Ry  = -240 

R = Rxi  + Ryj 

= (608  lb)i  + (-240  lb) j 


tan  a = — 

K 

_ 240 
_ 608 

<*  = 21.541° 

_ 240  N 

""  sin(2 1.541°) 
= 653.65  N 


R*  - Cog  i 


R.f  = - 24o  j 


r = 654  N ^ 21.5°  ◄ 
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PROBLEM  2.35 

Knowing  that  a =35°,  determine  the  resultant  of  the  three  forces 
shown. 


SOLUTION 

100-N  Force: 

150-N  Force: 

200-N  Force: 


Force 

x Comp.  (N) 

y Comp.  (N) 

100  N 

+81.915 

-57.358 

150  N 

+63.393 

-135.946 

200  N 

-163.830 

-114.715 

Rx  = -18.522 

Ry  =-308.02 

Fx  =+(100  N)cos35°  = +81.915  N 
Fy  =-(100  N)sin35°  = -57.358  N 

Fx  = +(150  N)cos  65°  = +63.393  N 
Fy  =-(150  N)sin 65°  = -135.946  N 

Fx  = -(200  N)cos35°  = -163.830  N 
Fy  = -(200  N)sin35°  = -1 14.715  N 


-3oa . ozj 


R = Rxi  + Ryj 

= (-1 8.522  N)i  + (-308.02  N) j 


R 


tana  - 


y 


_ 308.02 
~~  18.522 
O' = 86.559° 


308.02  N 
sin86.559 


R = 309  N 86.6°  ◄ 
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PROBLEM  2.36 

Knowing  that  the  tension  in  cable  B C is  725  N,  determine  the 
resultant  of  the  three  forces  exerted  at  Point  B of  beam  AB. 
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SOLUTION 

60-lb  Force: 

Fx  = (60  lb)  cos  20°  = 56.38  lb 

Fy  = (60  lb)  sin  20°  = 20.52  lb 

80-lb  Force: 

Fx  = (80  lb)  cos  95°  = -6.97  lb 

Fy  = (80  lb) sin  95°  = 79.70  lb 

120-lb  Force: 

Fx=  (120  lb) cos  5°  = 119.54  lb 

Fy  = (120  lb)sin  5°  = 10.46  lb 

Then 

Rx  =Y,FX  =168.95  lb 

Ry=lFy  =110.68  lb 

and 

R = 7(168.95  lb)2 +(110.68  lb)2 
= 201.98  lb 

110.68 

tan  a = 

168.95 

tan  a = 0.655 

a = 33.23° 

R = 202  lb  ^ 33.2°  ◄ 
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PROBLEM  2.39 

For  the  collar  of  Problem  2.35,  determine  {a)  the  required  value  of 
a if  the  resultant  of  the  three  forces  shown  is  to  be  vertical,  ( b ) the 
corresponding  magnitude  of  the  resultant. 


SOLUTION 


RX=^FX 

= (1 00  N)  cos  a + (1 50  N)  cos  (a  + 30°)  - (200  N)  cos  a 
Rx  =-(100N)cos«r  + (150N)cos(«r  + 30°)  (1) 

Ry=ZFy 

= -(1 00  N)  sin  a - (1 50  N)  sin  ( a + 30°)  - (200  N)  sin  a 
Ry  = -(300  N)  sin  or -(1 50  N)  sin  (or + 30°)  (2) 

(a)  For  R to  be  vertical,  we  must  have  Rx  = 0.  We  make  Rx=  0 in  Eq.  (1): 

-100  cos  « + 150cos(ct  + 30°)  = 0 
-100 cos  a + 150(cos  a cos  30°-sin  a sin  30°)  = 0 

29.904cos  a = 75siner 

29.904 

tan  a = 

75 

= 0.3988 
a = 21.74° 

(b)  Substituting  for  a in  Eq.  (2): 

Ry  =-300  sin  2 1.74° -150  sin  5 1.74° 

= -228.9  N 
R = |^|  = 228.9  N 


«r  = 21.7°  ◄ 


R = 229  N ◄ 
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PROBLEM  2.40 

For  the  beam  of  Problem  2.36,  determine  {a)  the  required 
tension  in  cable  BC  if  the  resultant  of  the  three  forces  exerted  at 
Point  B is  to  be  vertical,  (b)  the  corresponding  magnitude  of  the 
resultant. 


SOLUTION 


840  1 2 3 

R = IF  = TBr  + — (780  N)  — (500  N) 

1160  BC  13  5 

R =-— Trc  +420  N 

x 29 

R = XF  = ^-Tm-  - —(780  N)  --(500  N) 

7 y 1160  BC  13  5 

Rv  = —Trc  -700  N 

J;  29  C 

(a)  For  R to  be  vertical,  we  must  have  Rx  = 0 

SetFx  = 0 in  Eq.  (1)  +420  N = 0 

(b)  Substituting  for  TBC  in  Eq.  (2): 

Rv  = —(580  N)-700  N 

y 29 

Ry  = -300  N 
R = \Ry  | = 300  N 


(1) 


(2) 

Tbc  = 580  N ◄ 


R = 300  N ◄ 
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PROBLEM  2.41 

Determine  (a)  the  required  tension  in  cable  AC,  knowing  that  the  resultant  of 
the  three  forces  exerted  at  Point  C of  boom  BC  must  be  directed  along  BC, 
(b)  the  corresponding  magnitude  of  the  resultant. 
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PROBLEM  2.43 

Two  cables  are  tied  together  at  C and  are  loaded  as  shown. 
Knowing  that  a - 20°,  determine  the  tension  (a)  in  cable  AC, 
(b)  in  cable  BC. 


SOLUTION 

Free-Body  Diagram  Force  Triangle 

^Te>c 

V~TAc 

O 

O 

y 

20° 

N 

s' 

W = (zook^-W  ra|^S) 

•=  ^(,2  N 

Law  of  sines: 

Tac  _ Tbc  _ 1962  N 
sin  70°  sin  50°  sin  60° 

(a) 

1962  N 

Tac=  sin  70°  = 2128.9  N 

AC  sin  60° 

Tac  =2.13  kN  ◄ 

(b) 

1962  N 

Tnr  = sin 50°  = 1735.49  N 

c sin  60° 

Tbc=  1.735  kN  ◄ 
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PROBLEM  2.44 

Two  cables  are  tied  together  at  C and  are  loaded  as  shown.  Determine  the 
tension  ( a ) in  cable  AC,  ( b ) in  cable  BC. 


SOLUTION 


Free-Body  Diagram 


Force  Triangle 

500  Aj 


500  N 
sin  80° 


(a) 

(b) 


= 500  N sin  60o  = 439  69  N 

AC  sin80° 

TRr  = 500  N sin  40°  = 326.35  N 
BC  sin  80° 


Tac  = 440  N ◄ 
Tbc  = 326  N ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


46 


p 


PROBLEM  2.45 

Two  cables  are  tied  together  at  C and  are  loaded  as  shown. 
Knowing  that  P = 500  N and  a-  60°,  determine  the  tension  in 
{a)  in  cable  AC , (b)  in  cable  BC. 
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PROBLEM  2.46 

Two  cables  are  tied  together  at  C and  are  loaded  as  shown.  Determine  the  tension 
( a ) in  cable  AC , (b)  in  cable  BC. 
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A PROBLEM  2.47 

s'  / - 

5°  Knowing  that  a = 20°,  determine  the  tension  (a)  in  cable  AC, 

(b)  in  rope  BC. 

OO  O 12001b 

SOLUTION 


Free-Body  Diagram 


Force  Triangle 


Jfc. 


Law  of  sines: 

(a) 

(b) 


Tac  = 


Tbc  ~ 


Ta 


AQ~ 


Tbc  _ 

sin  5° 

1200  lb 
sin  65° 

1200  lb 
sin  65° 


1200  lb 
sin  65° 

sin  110° 

sin  5° 


Tac  = 1244  lb  ◄ 
Tbc  = 1 15.4  lb  ◄ 
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PROBLEM  2.48 

Knowing  that  a = 55°  and  that  boom  AC  exerts  on  pin  C a force  directed 
along  line  AC,  determine  (a)  the  magnitude  of  that  force,  ( b ) the  tension  in 
cable  BC. 
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PROBLEM  2.49 

Ay 

Two  forces  P and  Q are  applied  as  shown  to  an  aircraft 
connection.  Knowing  that  the  connection  is  in  equilibrium  and 
that  P = 500  lb  and  Q = 650  lb,  determine  the  magnitudes  of 
the  forces  exerted  on  the  rods  A and  B. 

F„ 

N'N 

B 

r HJ  ) 

140°^  Q 

Pf 

SOLUTION 


Resolving  the  forces  into  x-  and  j’-direct ions: 

R = P + Q + F^+Fb  =0 

Substituting  components:  R = -(500  lb) j + [(650  lb)  cos 50°]i 

-[(650  lb)sin50°]j 

+Fb i - (Fa  cos  50°)i  + (Fa  sin  50°) j = 0 
In  the  v-direction  (one  unknown  force) 

-500  lb  - (650  lb) sin  50°  + FA  sin  50°  = 0 


Thus, 


500  lb  + (650  lb)  sin  50° 
sin  50° 


= 1302.70  lb 


In  the  x-direction:  (650  lb) cos 50°  + FB  —FA  cos 50°  = 0 


Free-Body  Diagram 


Fa  =1303  lb  ◄ 


Thus,  Fb  = Fa  cos  50°  - (650  lb)  cos  50° 

= (1302.70  lb)  cos  50° -(650  lb) cos 50° 

= 419.55  lb  Fb=  4201b  ◄ 
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PROBLEM  2.50 

Two  forces  P and  Q are  applied  as  shown  to  an  aircraft 
connection.  Knowing  that  the  connection  is  in  equilibrium 
and  that  the  magnitudes  of  the  forces  exerted  on  rods  A and  B 
are  FA  = 750  lb  and  FB  = 400  lb,  determine  the  magnitudes  of 
P and  Q. 


SOLUTION 

Free-Body  Diagram 

Resolving  the  forces  into  x-  and  v-dircctions: 

y 

R = P + Q + F^+Fb  = 0 

150  lb,- 

i\ 

| \ 

Substituting  components:  R = -P\  + Q cos  50°i  - Q sin  50°j 

1 \ 

-[(750  lb)  cos  50°]i 

• £o°\ 

1 * fcA 

T Y 

+ [(750  lb)  sin  50°]j  + (400  lb)i 

WOO  lb  ' 

1 * 

\ 1 

In  the  x-direction  (one  unknown  force) 

i 

P ~ 

Q cos  50°  - [(750  lb) cos  50°]  + 400  lb  = 0 

(750  lb) cos  50° -400  lb 

cos  50 

= 127.710  lb 

In  the  ^-direction:  —P  - Q sin  50°  + (750  lb)  sin  50°  = 0 

P = -Q  sin  50° + (750  lb) sin  50° 

= -(127.710  lb) sin  50°  + (750  lb) sin  50' 

D 

= 476.70  lb 

P = 477  lb; 

2 = 127.7  lb  ◄ 
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PROBLEM  2.51 

A welded  connection  is  in  equilibrium  under  the  action  of  the 
four  forces  shown.  Knowing  that  FA  = 8 kN  and  FB=  16  kN, 
determine  the  magnitudes  of  the  other  two  forces. 


SOLUTION 


Free-Body  Diagram  of  Connection 


With  Fa=  8kN 

Fb=  16  kN 

Fc  = ~(16  kN) _ ~(8  kN) 

XF=0:  -Fn+-FR--FA=  0 

y D 5 B 5 A 

With  Fa  and  FB  as  above:  FD  = |(16  kN)  - 1(8  kN) 


Fc  = 6.40  kN  ◄ 


Fd  =4.80  kN  ◄ 
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SOLUTION 


Free-Body  Diagram  of  Connection 


^Fx=  0:  -Fc+±Fb~Fa=  0 


= -j(15  kN-5  kN) 


Fb  = 15.00  kN  ◄ 


Fc  = 8.00  kN  ◄ 
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PROBLEM  2.53 

Two  cables  tied  together  at  C are  loaded  as  shown.  Knowing  that 
Q - 60  lb,  determine  the  tension  ( a ) in  cable  AC,  ( b ) in  cable  BC. 


SOLUTION 

Si 

\ 

VicA 

ff  . 

Q 

ZFy=0:  Tca-Qcos30°  = 0 

With 

Q = 60  lb 

(a) 

Tca  =(60  lb)(0.866) 

Tca  =52.0  lb  ◄ 

(b) 

1 

1 

o 

II 

0sin3O°  = O 

With 

P = 75  lb 

Tcb  = 75  lb  - (60  lb)(0.50) 

or  Tcb  =45.0  lb  ◄ 
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PROBLEM  2.54 

Two  cables  tied  together  at  C are  loaded  as  shown.  Determine  the 
range  of  values  of  Q for  which  the  tension  will  not  exceed  60  lb  in 
either  cable. 
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PROBLEM  2.55 

A sailor  is  being  rescued  using  a boatswain’s  chair  that  is 
suspended  from  a pulley  that  can  roll  freely  on  the  support 
cable  ACB  and  is  pulled  at  a constant  speed  by  cable  CD. 
Knowing  that  a-  30°  and  fi- 10°  and  that  the  combined 
weight  of  the  boatswain’s  chair  and  the  sailor  is  900  N, 
determine  the  tension  (a)  in  the  support  cable  ACB , (b)  in  the 
traction  cable  CD. 


SOLUTION 


Free-Body  Diagram 


= 0:  Tacb  cos  10o-7^C5  cos  30°-Tcd  cos  30°  = 0 

^=0.1371587^  (1) 

+|  = 0:  Tacb  sin  10°  + TACB  sin  30°  + TCD  sin  30°  - 900  = 0 

0.61365Tacb  + 0.5  TCD  = 900  (2) 

{a)  Substitute  (1)  into  (2):  0.61365TACB  + 0.5(0. 1371587^)  = 900 


Tacb=  1212.56  N 

^acb  = 1213  N ◄ 

(b)  From(l): 

Tcd  =0.137158(1212.56  N) 

Tcd  =166.3  N ◄ 
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PROBLEM  2.56 

A sailor  is  being  rescued  using  a boatswain’s  chair  that  is 
suspended  from  a pulley  that  can  roll  freely  on  the  support 
cable  ACB  and  is  pulled  at  a constant  speed  by  cable  CD. 
Knowing  that  a-  25°  and  fi- 15°  and  that  the  tension  in 
cable  CD  is  80  N,  determine  (a)  the  combined  weight  of  the 
boatswain’s  chair  and  the  sailor,  (b)  in  tension  in  the  support 
cable  A CB. 
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PROBLEM  2.57 

For  the  cables  of  Problem  2.45,  it  is  known  that  the  maximum 
allowable  tension  is  600  N in  cable  AC  and  750  N in  cable  BC. 
Determine  (a)  the  maximum  force  P that  can  be  applied  at  C,  ( b ) the 
corresponding  value  of  a. 
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5° 

PROBLEM  2.58 

For  the  situation  described  in  Figure  P2.47,  determine  (a)  the 
value  of  a for  which  the  tension  in  rope  BC  is  as  small  as 

c 

possible,  ( b ) the  corresponding  value  of  the  tension. 

oo  o 

1200  lb 

B *1 

PROBLEM  2.47  Knowing  that  a - 20°,  determine  the  tension 
(a)  in  cable  AC,  ( b ) in  rope  BC. 

SOLUTION 

F ree-Body  Diagram  F orce  T riangle 

V 

v \ 

ICimowj  f'i  \ ~ 

OlflELTlOfJ  VC 

C.  1 

V 

1 1200  lb 

1 

* \ ZOO  lb 

To  be  smallest,  TBC  must  be  perpendicular  to  the  direction  of  TAC. 

{a)  Thus, 

£ 

II 

L/i 

o 

a = 5.00° 

(b) 

Tbc  =(1200  lb) sin  5° 

Tbc=  104.61b  ◄ 
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PROBLEM  2.59 

For  the  structure  and  loading  of  Problem  2.48,  determine  ( a ) the  value  of  a for 
which  the  tension  in  cable  BC  is  as  small  as  possible,  ( b ) the  corresponding 
value  of  the  tension. 


SOLUTION 

Tbc  must  be  perpendicular  to  Fac  to  be  as  small  as  possible. 

Free-Body  Diagram:  C Force  Triangle  is  a right  triangle 


To  be  a minimum,  TBC  must  be  perpendicular  to  FAC. 


{a)  We  observe: 

o 

O 

m 

1 

o 

O 

o\ 

II 

(b) 

Tbc  =(300  lb) sin  50' 

or 

Tbc  =229.81  lb 

a = 6 0.0°  ◄ 

Tbc  = 230  lb  ◄ 
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1*  n 1 m tJ 

La  n 1 m rl 

PROBLEM  2.60 

"id 

\ 1 

I 

C 

! 

1 

1 

Knowing  that  portions  AC  and  BC  of  cable  ACB  must  be  equal, 
determine  the  shortest  length  of  cable  that  can  be  used  to  support  the 
load  shown  if  the  tension  in  the  cable  is  not  to  exceed  870  N. 

1 1200  N 
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PROBLEM  2.61 

Two  cables  tied  together  at  C are  loaded  as  shown.  Knowing  that 
the  maximum  allowable  tension  in  each  cable  is  800  N,  determine 

(a)  the  magnitude  of  the  largest  force  P that  can  be  applied  at  C, 

(b)  the  corresponding  value  of  a. 


SOLUTION 


Free-Body  Diagram:  C Force  Triangle 

Tqc-  &OOK  fiocyvl 


Force  triangle  is  isosceles  with 


2/?  = 180°-85° 
J3  = 47.5° 


(a)  P = 2(800  N)cos  47.5°  = 1081  N 
Since  P > 0,  the  solution  is  correct. 

(b)  a = 1 80°  - 50°  - 47.5°  = 82.5° 


P = 1081  N ◄ 
a = 82.5°  ◄ 
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PROBLEM  2.62 

Two  cables  tied  together  at  C are  loaded  as  shown.  Knowing  that  the 
maximum  allowable  tension  is  1200  N in  cable  AC  and  600  N in 
cable  BC , determine  (a)  the  magnitude  of  the  largest  force  P that  can 
be  applied  at  C,  (b)  the  corresponding  value  of  a. 


SOLUTION 

Free-Body  Diagram 

Force  Triangle 

- I200r\) 

/ e>c.  ~ 

35"7 

A 50° 

l£  OO  N /^p\ 
06S°  \ 

<iyL 

lloorX  \ 

\p 

(a) 

Law  of  cosines: 

P2  = (1200  N)2  + (600  N)2 

-2(1200  N)(600  N) cos  85° 

p = 1294N 

Since  P > 1200  N,  the  solution  is  correct. 

P = 1294  N ◄ 

(b) 

Law  of  sines: 

sin/?  sin  85° 

1200  N ~ 1294  N 

fi  = 67.5° 

a = \ 80°  - 50°  - 67.5° 

a = 62.5°  ◄ 
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PROBLEM  2.63 

Collar^  is  connected  as  shown  to  a 50-lb  load  and  can  slide  on 
a frictionless  horizontal  rod.  Determine  the  magnitude  of  the 
force  P required  to  maintain  the  equilibrium  of  the  collar  when 
{a)  x = 4.5  in.,  (b)  x = \5  in. 
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PROBLEM  2.64 

Collar  A is  connected  as  shown  to  a 50-lb  load  and  can  slide  on  a 
frictionless  horizontal  rod.  Determine  the  distance  x for  which  the 
collar  is  in  equilibrium  when  P = 48  lb. 
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PROBLEM  2.65 

A 160-kg  load  is  supported  by  the  rope-and-pulley  arrangement  shown. 
Knowing  that  /?  = 20°,  determine  the  magnitude  and  direction  of  the 
force  P that  must  be  exerted  on  the  free  end  of  the  rope  to  maintain 
equilibrium.  {Hint:  The  tension  in  the  rope  is  the  same  on  each  side  of  a 
simple  pulley.  This  can  be  proved  by  the  methods  of  Chapter  4.) 


SOLUTION 

Free-Body  Diagram:  Pulley^ 


and 


For 


For 


=0:  2,Psin20o-JPcos6!f  = 0 

cosa  = 0.8452  or  a = ±46.840° 
a = +46.840 

+|  YFy  = 0:  2/>cos20°  + Psin46.840°- 1569.60  N = 0 

or  P = 602  N 2^  46.8°  ◄ 

a = -46.840 

+|  ZFy  = 0:  2/>cos20°  + Psin(-46.840°)  - 1569.60  N = 0 
or  P = 1365  N ^46.8°  ◄ 
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SOLUTION 


Free-Body  Diagram:  Pulley  A 


=0:  2,Psin  sin/?-,Pcos  40°  = 0 

sin /?  = — cos  40° 

2 

/?  = 22.52° 

j3  = 22.5°  ◄ 

ZFy=  0:  Psin  40°  + 2Pcos  22.52°  - 1569.60  N = 0 

P = 630  N ◄ 
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(a)  (b)  (c)  (d)  (e) 


PROBLEM  2.67 

A 600-lb  crate  is  supported  by  several  rope-and- 
pulley  arrangements  as  shown.  Determine  for  each 
arrangement  the  tension  in  the  rope.  (See  the  hint 
for  Problem  2.65.) 
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PROBLEM  2.68 

Solve  Parts  b and  d of  Problem  2.67,  assuming  that 
the  free  end  of  the  rope  is  attached  to  the  crate. 

PROBLEM  2.67  A 600-lb  crate  is  supported  by 
several  rope-and-pulley  arrangements  as  shown. 
Determine  for  each  arrangement  the  tension  in  the 
rope.  (See  the  hint  for  Problem  2.65.) 


SOLUTION 

Free-Body  Diagram  of  Pulley  and  Crate 


(b) 


id) 


+|zFy=0:  37 - (600  lb)  = 0 

7 = 1(600  lb) 


7 = 200  lb  ◄ 


+|  LFV  =0:  47 -(600  lb)  = 0 

7=1(600  lb) 


7 = 150.0  lb  ◄ 
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PROBLEM  2.69 

A. 

25° 

A load  Q is  applied  to  the  pulley  C,  which  can  roll  on  the 
cable  ACB.  The  pulley  is  held  in  the  position  shown  by  a 
second  cable  CAD , which  passes  over  the  pulley  A and 
supports  a load  P.  Knowing  that  ,P  = 750N,  determine 
(a)  the  tension  in  cable  ACB,  ( b ) the  magnitude  of  load  Q. 

D < 

r P 

TQ 
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PROBLEM  2.70 

A FI 

^ 25 ° 

An  1800-N  load  Q is  applied  to  the  pulley  C,  which  can  roll 
on  the  cable  ACB.  The  pulley  is  held  in  the  position  shown 

c 

▼ p 

by  a second  cable  CAD , which  passes  over  the  pulley  A and 

supports  a load  P.  Determine  (a)  the  tension  in  cable  ACB , 

▼ Q 

(b)  the  magnitude  of  load  P. 

SOLUTION 

Free-Body  Diagram:  Pulley  C 

=0:  Tacb(cos25°-cos55°)-Pcos55°  = 0 

p 

a 

or 

P = 0.580107^  (1) 

r** 

+! 

'EFy  =0:  r4CB(sin25o  + sin55o)  + /,sin55°-1800  N = 0 

5ST\ 

A sfis* 

or 

1.241777^CB  + 0.81915/>  = 1800  N (2) 

) ^ V. 

' /0OO/v/ 

{a) 

Substitute  Equation  (1)  into  Equation  (2): 

1.241777^cs  +0.81915(0.580107^cb)  = 1800N 

Hence:  T'acb  = 1048.37  N 

T acb  = 1048  N ◄ 

(b) 

Using  (1),  P = 0.58010(1048.37  N)  = 608.16  N 

P = 608  N ◄ 
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PROBLEM  2.71 

Determine  {a)  the  x,  y,  and  z components  of  the  750-N  force,  (b)  the 
angles  0X,  0y , and  0Z  that  the  force  forms  with  the  coordinate  axes. 


SOLUTION 

y * ISO  H 

Fh  =F sin  35° 

= (750  N)sin  35° 

3s0/' 

Fh  = 430.2  N 

/ v 

t / 

^ • 7 

(a) 

Fx 

= Fh  cos  25° 

Fy  =F  cos35° 

Fz=Fh  sin  25° 

= (430.2  N) cos  25° 

= (750  N) cos  35° 

= (430.2  N)  sin  25 

1° 

K 

= +390  N, 

Fy  =+614  N, 

Fz  =+181.8  N 

◄ 

(b) 

. F +390  N 

cos  6X  = — = 

* F 750  N 

ex  = 58.7°  ◄ 

. Fy  +614  N 
y F 750 N 

6y  = 35.0°  ◄ 

- Fz  +181.8  N 

z F 750  N 

ez  = 76.0°  ◄ 
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PROBLEM  2.72 

Determine  {a)  the  x,  y,  and  z components  of  the  900-N  force,  (b)  the 
angles  0X,  0y , and  0Z  that  the  force  forms  with  the  coordinate  axes. 
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PROBLEM  2.73 

A horizontal  circular  plate  is  suspended  as  shown  from  three  wires  that 
are  attached  to  a support  at  D and  form  30°  angles  with  the  vertical. 
Knowing  that  the  x component  of  the  force  exerted  by  wire  AD  on  the 
plate  is  110.3  N,  determine  {a)  the  tension  in  wire  AD , (b)  the  angles 
0X,  6r , and  Oz  that  the  force  exerted  at  A forms  with  the  coordinate  axes. 


SOLUTION 

(«) 


(b) 


Fx  = F sin  30° sin  50°  = 1 10.3  N (Given) 

F = 110,3N = 287.97  N F = 288N  ◄ 

sin  30°  sin  50° 


cos  6 x 


c 

F 


110.3  N 
287.97  N 


0.38303 


Fy  =F  cos  30°  = 249.39 


cos#y 


y 

F 


249.39  N 
287.97  N 


0.86603 


Fz  =-F  sin  30°  cos  50° 

= -(287.97  N)sin  30°cos  50° 
= -92.552  N 


cos  6Z 


T 

F 


-92.552  N 
287.97  N 


-0.32139 


6x  = 67.5°  ◄ 


ey  = 3o.o°  ◄ 


ez  =108.7°  ◄ 
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PROBLEM  2.74 


A horizontal  circular  plate  is  suspended  as  shown  from  three  wires  that 
are  attached  to  a support  at  D and  form  30°  angles  with  the  vertical. 
Knowing  that  the  z component  of  the  force  exerted  by  wire  BD  on  the 
plate  is  -32.14  N,  determine  {a)  the  tension  in  wire  BD , (b)  the  angles 
Ox, , 0y , and  Oz  that  the  force  exerted  at  B forms  with  the  coordinate  axes. 


SOLUTION 

(a) 


(b) 


Fz  =-F  sin  30°  sin  40°  = 32.14  N (Given) 
32  14 

F = = 100.0  N 

sin  30°  sin  40° 

Fx  =-F  sin  30°  cos  40° 

= -(100.0  N)sin30°cos  40° 

= -38.302  N 


„ Fx  38.302  N 

cos  <9  = — = 

* F 100.0  N 


-0.38302 


Fy=F  cos  30°  = 86.603  N 


cos  0y 


Fy  _ 86.603  N 
F ~ 100 N 


0.86603 


-32.14  N 


„ Fz  -32.14  N 

cos  6=  — = 

z F 100  N 


-0.32140 


F = 100.0  N ◄ 


ex  =112.5°  ◄ 


ey  = 3o.o°  ◄ 


6Z  =108.7°  ◄ 
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PROBLEM  2.75 

A horizontal  circular  plate  is  suspended  as  shown  from  three 

wires  that  are  attached  to  a support  at  D and  form  30°  angles 

/ 

with  the  vertical.  Knowing  that  the  tension  in  wire  CD  is  60  lb, 

/ 

determine  (a)  the  components  of  the  force  exerted  by  this  wire 

/ 

on  the  plate,  ( b ) the  angles  6X , 6 , and  0Z  that  the  force  forms 

/ 

with  the  coordinate  axes. 

\f  ° 

— — r^c 

^50 

p^/600 Jj 

8 

• \ 

* 

X 

SOLUTION 

(a) 

Fx  = -(60  lb)sin30°cos  60°  = -15  lb 

Fx  =-15.00  lb  ◄ 

Fy  = (60  lb) cos  30°  = 51.96  lb 

Fy=+  52.01b  ◄ 

Fz  =(60  lb) sin 30° sin  60°  = 25.98  lb 

Fz  =+26.0  lb  ◄ 

(b) 

^ F -15.0  1b 

cos  &=  — = = -0.25 

x F 60  lb 

ex  =104.5°  ◄ 

Fy  51.961b 

cos  6',,  = = = 0.866 

y F 60  lb 

9y  = 30.0°  ◄ 

^ F 25.98  lb  n 
cos6>.  = z=  =0.433 

F 60  lb 

9Z  =64.3°  ◄ 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


77 


PROBLEM  2.76 


A horizontal  circular  plate  is  suspended  as  shown  from  three  wires  that 
are  attached  to  a support  at  D and  form  30°  angles  with  the  vertical. 
Knowing  that  the  x component  of  the  force  exerted  by  wire  CD  on  the 
plate  is  -20.0  lb,  determine  {a)  the  tension  in  wire  CD , (b)  the  angles 
Ox , Gy , and  Oz  that  the  force  exerted  at  C forms  with  the  coordinate  axes. 


SOLUTION 

(a) 


(b) 


Fx  = -F  sin  30°  cos  60°  = -20  lb  (Given) 
^ 20  lb  801b 


0.25 


sin 

30° cos  60° 

c 

_ -20  lb  _ 

F 

’ 801b  " 

(80  lb)  cos  30°  = ( 

A 

_ 69.282  lb 

F 

801b 

(80  lb)  sin  30°  sin 

_ 34.641 

80 


F = 80.0  lb  ◄ 
6X  = 104.5°  ◄ 


ey  = 3o.o°  ◄ 


ez  = 64.3°  ◄ 
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PROBLEM  2.77 

' 

The  end  of  the  coaxial  cable  AE  is  attached  to  the  pole  AB , which  is 

\ T \ic 

strengthened  by  the  guy  wires  AC  and  AD.  Knowing  that  the  tension 
in  wire  AC  is  120  lb,  determine  {a)  the  components  of  the  force 
exerted  by  this  wire  on  the  pole,  ( b ) the  angles  0X,  0y,  and  0Z  that  the 
force  forms  with  the  coordinate  axes. 

B 

\ \7 

X 

/z 

48°  ° 

SOLUTION 


{a) 

Fx  = (120  lb)  cos  60°  cos  20° 

Fx  =56.382  lb 

Fx  =+56.4  lb  ◄ 

Fy  =-(120  lb)  sin  60° 

Fy  =-103.923  lb 

Fy  =-103.9  lb  ◄ 

Fz  =-(120  lb)  cos  60°  sin  20° 

Fz  =-20.521  lb 

Fz  =-20.5  lb  ◄ 

(b) 

„ Fx  56.382  lb 

cos  0X  = — = 

* F 120  lb 

6X  = 62.0°  ◄ 

„ F -103.923  lb 

cos  6V  = — = 

^ F 120  lb 

ey  =150.0°  ◄ 

_ F -20.52  lb 

cos  0=  — = 

z F 120  lb 

ez  =99.8°  ◄ 
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PROBLEM  2.78 

E *********** 

A 

The  end  of  the  coaxial  cable  AE  is  attached  to  the  pole  AB , which  is 
strengthened  by  the  guy  wires  AC  and  AD.  Knowing  that  the  tension 
in  wire  AD  is  85  lb,  determine  {a)  the  components  of  the  force 
exerted  by  this  wire  on  the  pole,  (b)  the  angles  0X,  6y,  and  0Z  that  the 
force  forms  with  the  coordinate  axes. 

\ TSi 

r* 

B 

L» 

\ w 

X 

fz 

48°  D 

SOLUTION 

(a) 

Fx  = (85  lb)  sin  3 6°  sin  48° 

= 37.129  lb 

Fx  =37.1  lb  ◄ 

Fy  =-(85  lb) cos  36° 

= -68.766  lb 

Fy=- 68.81b  ◄ 

Fz  =(85  lb) sin  36°  cos  48° 

= 33.431  lb 

Fz=  33.4  1b  ◄ 

(b) 

„ Fx  37.129  1b 

cos  0=  — = 

* F 85  lb 

6X=  64.1°  ◄ 

„ Fy  -68.766  lb 

y F 85  lb 

0y  - 144.0°  ◄ 

. Fz  33.431  1b 

F 85  lb 

0Z  = 66.8°  ◄ 
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PROBLEM  2.79 

Determine  the  magnitude  and  direction  of  the  force  F = (320  N)i  + (400  N)j  - (250  N)k. 


SOLUTION 

F = ^(320  N)2  + (400  N)2  + (-250  N)2 

F = 570  N ◄ 

. Fx  320  N 

cos  6=  — = 

* F 570  N 

Qx  =55.8°  ◄ 

„ Fy  400  N 

J F 570 N 

0y  =45.4°  ◄ 

Q Fz  -250  N 
y F 570  N 

ez  =ii6.oo  ◄ 
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PROBLEM  2.80 

Determine  the  magnitude  and  direction  of  the  force  F = (240  N)i  - (270  N)j  + (680  N)k. 


SOLUTION 


F=^+Ff+F? 

F = 7(240  N)2  + (-270  N)2  + (680  N) 

F = 770  N 

„ F 240  N 
* F 770  N 

6X=  71.8° 

. Fy  -270  N 
y F 770  N 

ey  =no.5o 

- Fz  680  N 

F 770  N 

0,  =28.0° 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


82 


PROBLEM  2.81 

A force  acts  at  the  origin  of  a coordinate  system  in  a direction  defined  by  the  angles  Gx  = 70.9°  and 
Oy  - 144.9°.  Knowing  that  the  z component  of  the  force  is  -52.0  lb,  determine  {a)  the  angle  Gz , (b)  the  other 
components  and  the  magnitude  of  the  force. 


SOLUTION 


(a) 


(b) 


We  have 


(cos Gx )2  + (cos Gy )2  + (cos 0Z )2  = 1 =^>  (cos  Gy)1  - 1 - (cos 6y )2  - (cos Gz )2 

Since  Fz<  0 we  must  have  cos  Gz<  0 

Thus,  taking  the  negative  square  root,  from  above,  we  have: 

cos  9Z  = -fl  - (cos  70.90)2  - (cos  144.90)2  = 0.47282 

Then: 


and 


F = 


52.0  lb 


= 109.978  lb 


cos#z  0.47282 
Fx  —Fcos6x  = (109.978  lb)  cos  70.9° 
Fy  = F cosOy  = (109.978  lb)cosl44. 9° 


ez  =ii8.2o  ◄ 


Fx=  36.01b  ◄ 
Fy  = -90.0  lb  ◄ 
F = 1 10.0  lb  ◄ 
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PROBLEM  2.82 

A force  acts  at  the  origin  of  a coordinate  system  in  a direction  defined  by  the  angles  6y  = 55°  and  0Z  - 45°. 
Knowing  that  the  x component  of  the  force  is  - 500  lb,  determine  {a)  the  angle  Ox, , (b)  the  other  components 
and  the  magnitude  of  the  force. 


SOLUTION 

(a) 

We  have 

(cos 0X )2  + (cos  0y  )2  + (cos  0Z)2  = 1 (cos  0y  )2  = 1 - (cos 0y  )2  - (cos 0Z )2 

Since  Fx<  0 we  must  have  cos  0X  <0 

Thus,  taking  the  negative  square  root,  from  above,  we  have: 

cos  6X  = -f-  (cos  55)2  - (cos  45)2  =0.41353 

ex  = 1 14.4°  ◄ 

(b) 

Then: 

F = Fx  = 500  lb  =1209.10  lb 
cos#x  0.41353 

F = 1209  lb  ◄ 

and  Fy  - F cos  0y  - (1209.10  lb)  cos  55° 

Fy  = 694  lb  ◄ 

Fz  - F cos 0Z  = (1209.10  lb)cos45° 

Fz  = 855  lb  ◄ 
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PROBLEM  2.83 

A force  F of  magnitude  210  N acts  at  the  origin  of  a coordinate  system.  Knowing  that  Fx  = 80  N,  0Z  = 151.2°, 
and  Fy  < 0,  determine  {a)  the  components  Fy  and  Fz,  (b)  the  angles  0X  and  Gy. 


SOLUTION 

(a) 

Fz  = F cos  Bz  =(210N)cosl51.2° 

= -184.024  N 

Fz  = -184.0  N ◄ 

Then: 

F2  = F2  + F2  + F2 

x y z 

So: 

(2 10  N)2  = (80  N)2  +(Fy)2  +(1 84.024  N)2 

Hence: 

Fy  = -^(210  N)2  - (80  N)2  - (184.024  N)2 

= -61.929  N 

Fy  = -62.0  lb  ◄ 

(b) 

F 80  N 

cos<9  = x = =0.38095 

* F 210  N 

0x  = 67.6°  ◄ 

cos  6 =Fy  = 61-929  N = 0.29490 

7 F 210  N 

6y  = 107.2  ◄ 
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PROBLEM  2.84 

A force  F of  magnitude  230  N acts  at  the  origin  of  a coordinate  system.  Knowing  that  0X  - 32.5°,  Fy  — - 60  N, 
and  Fz  > 0,  determine  (a)  the  components  Fx  and  Fz,  (b)  the  angles  0y  and  0Z. 


SOLUTION 

(a)  We  have 

FX=F  cos  0X  = (230  N)  cos  32.5° 

Fx  = -194.0  N ◄ 

Then: 

Fx  = 193.980  N 

F2  = F2  + F2  + F2 

x x y * z 

So: 

(230  N)2  = (193.980  N)2  + (-60  N)2  + F2 

Hence: 

Fz  = +a/(230  N)2  - (193.980  N)2  - (-60  N)2 

Fz  = 108.0  N ◄ 

(b) 

Fz  =108.036  N 

cos#  = Fy  = “60  N = 0.26087 
r F 230  N 

6y  =105.1°  ◄ 

- Fz  108.036  N nArnn^ 
cos#  = z=  =0.46972 

F 230  N 

#z  = 62.0°  ◄ 
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SOLUTION 

BA  = (20  ft)i  + (100  ft)j  - (25  ft)k 

BA  = 7(20  ft)2  + (100  ft)2  + (-25  ft)2 
= 105  ft 


F = FkBA 


= [(20  ft)j  + (10°  ft)j  - (25  ft)k] 

F = (100.0  lb)i  + (500  lb)j  - (125.0  lb)k 

Fx  = +100.0  lb,  Fy  = +500  lb,  Fz  = -125.0  lb  ◄ 
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SOLUTION 

DA  = (20  ft)i  + (100  ft)j  + (70  ft)k 

DA  = 7(20  ft)2  + (100  ft)2  + (+70  ft)2 
= 126  ft 

F = ^ 

= F^ 

DA 

= ^|^[(20  ft)* + (10°  ft)i + (74  ft)kl 

F = (50  lb)i  + (250  lb)  j + (1 85  lb)k 

Fx  = +50  lb,  Fy  = +250  lb,  Fz  = +1 85.0  lb  ◄ 
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SOLUTION 

DB  = (480  mm)i  - (510  mm)j  + (320  mm)k 

DB  = f 480  mm)2  + (510  mm2)  + (320  mm)2 

= 770  mm 

II 

>> 

= F™ 

DB 

_ 385  — [(480  mm)i  - (510  mm)j  + (320  mm)k] 

770  mm 

= (240  N)i  - (255  N)j  + (160  N)k 

Fx  = +240  N,  Fy  = -255  N,  Fz  = +160.0  N ◄ 
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PROBLEM  2.88 


For  the  frame  and  cable  of  Problem  2.87,  determine  the  components 
of  the  force  exerted  by  the  cable  on  the  support  at  E. 

PROBLEM  2.87  A frame  ABC  is  supported  in  part  by  cable  DBE 
that  passes  through  a frictionless  ring  at  B.  Knowing  that  the  tension 
in  the  cable  is  385  N,  determine  the  components  of  the  force  exerted 
by  the  cable  on  the  support  at  D. 


SOLUTION 

EB  = (270  mm)i  - (400  mm)  j + (600  mm)k 

EB  = 1^(270  mm)2  + (400  mm)2  + (600  mm)2 

= 770  mm 

II 

= F™ 

EB 

_ 385  N ^2yq  _ (400  mm)j  + (600  mm)k] 

770  mm 

F = (135  N)i  - (200  N)j  + (300  N)k 

Fx  =+135.0  N,  F;=-200N,  F;=+300N^ 
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SOLUTION 

BA  = -(900  mm)i  + (600  mm)j  + (360  mm)k 

BA  = ^(900  mm)2  + (600  mm)2  + (360  mm)2 

= 1 140  mm 

ll 

£ 

>> 

§ 

rr.  BA 

= tba 

BA 

1425  N 

TBA  = [ (900  mm)i  + (600  mm)j  + (360  mm)k] 

1 140  mm 

= -(1 125  N)i  + (750  N)j  + (450  N)k 

(TBa)x  =-H25  N,  {TBA)y  =750  N,  (7^)Z=450N4 
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SOLUTION 

CA  = -(900  mm)i  + (600  mm)  j - (920  mm)k 

CA  = f 900  mm)2  + (600  mm)2  + (920  mm)2 

= 1420  mm 

Tx  = tca  aca 

-T 

CA  CA 

2130  N 

Tca  = [ (900  mm)i  + (600  mm) j (920  mm)k] 

1420  mm 

= -(1350  N)i  + (900  N)j  - (1380  N)k 

(7^),= -1350 N,  (TCA)y  =900 N,  (TCA)Z  =-1380N  ◄ 
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PROBLEM  2.91 

Find  the  magnitude  and  direction  of  the  resultant  of  the  two  forces 
shown  knowing  that  P - 300  N and  Q - 400  N. 


SOLUTION 

P = (300  N)[-cos  30°  sin  1 5°i  + sin  30°  j + cos  30°  cos  1 5°k] 

= - (67.243  N)i  + (1 50  N) j + (250.95  N)k 

Q = (400  N)[cos  50°  cos  20°i  + sin  50° j - cos  50°  sin  20°k] 

= (400  N)[0.60402i  + 0.76604j  - 0.21985] 

= (241.61  N)i  + (306.42  N)j-  (87.939  N)k 

R = P + Q 

= (174.367  N)i  + (456.42  N)j  + (163.01 1 N)k 

R = 7(174.367  N)2  + (456.42  N)2  + (163.01 1 N)2 

= 515.07  N 

R = 515  N ◄ 

_ Rx  174.367  N ...... 

cos#.  = — = = 0.33853 

* R 515.07  N 

6X  = 70.2°  ◄ 

„ Ry  456.42  N AOQ^ 

cos#  =— ^-  = = 0.88613 

y R 515.07  N 

ey  = 27.6°  ◄ 

_ Rz  163.01 1 N 

COS#.  = z=  =0.31648 

2 R 515.07  N 

#z  =71.5°  ◄ 
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PROBLEM  2.92 

Q 

Find  the  magnitude  and  direction  of  the  resultant  of  the  two  forces 

shown  knowing  that  P - 400  N and  Q-  300  N. 

p 

/w 

■""A  20° 

30°/  y/ 

\SA3y 

X 

SOLUTION 

P = (400  N)[-  cos  30°  sin  15°i  + sin  30°  j + cos  30°  cos  1 5°k] 

= -(89.678  N)i  + (200  N)j  + (334.61  N)k 

Q = (300  N)[cos  50° cos  20°i  + sin  50° j - cos 50° sin  20°k] 

= (1 8 1 .2 1 N)i  + (229.8 1 N)j  - (65.954  N)k 

R = P + Q 

= (9 1 .532  N)i  + (429.8 1 N) j + (268.66  N)k 

R = f 91.532  N)2  +(429.81  N)2  +(268.66  N)2 

= 515.07  N 

7?  = 515  N ◄ 

„ Rx  91.532  N n 
cosd=  x=  =0.177708 

x R 515.07  N 

6X  = 79.8°  ◄ 

„ Ry  429.81  N 

cos  ft  = — = = 0.83447 

y R 515.07  N 

dy  = 33.4°  ◄ 

„ Rz  268.66  N 

cos  0,  =-2-  = = 0.52160 

z R 515.07  N 

Gz  =58.6°  ◄ 
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SOLUTION 


AB-- 

AB- 

AC- 

AC- 

Tab  : 


: (40  in.)i  - (45  in.)  j + (60  in.)k 
: 7(40  in.)2  + (45  in.)2  + (60  in.)2  = 85  in. 

= (100  in.)i  - (45  in.)j  + (60  in.)k 
: ^(lOO  in.)2  + (45  in.)2  + (60  in.)2  = 125  in. 


AR 

lab-ab-Tab  — = ( 4251b) 


'-T  ak^a 


(40  in.)i  - (45  in.)  j + (60  in.)k 


85  in. 


Tab  = (200  lb)i  - (225  lb)j  + (300  lb)k 


KAC 


AC 

>ac-ac-Tac  — = ( 5101b) 


: TAr'hA 


(100  in.)i  - (45  in.)j  + (60  in.)k 


125  in. 


: (408  lb)i  - (183.6  lb)j  + (244.8  lb)k 


MC 

R = Tab+  Tac  = (608)i  - (408.6  lb)j  + (544.8  lb)k 


Then: 

7?  = 912.92  lb 

R = 913  lb  ◄ 

and 

cos  6X=  608  lb  =0.66599 
x 912.921b 

6X  = 48.2°  ◄ 

„ 408.61b  nAAncn 

cos  6V  = = -0.44757 

y 912.921b 

ey  =116.6°  ◄ 

cos  <9.  = 544'81b  =0.59677 

912.921b 

ez  =53.4°  ◄ 
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PROBLEM  2.94 

Knowing  that  the  tension  is  510  lb  in  cable  AB  and  425  lb  in  cable 
AC,  determine  the  magnitude  and  direction  of  the  resultant  of  the 
forces  exerted  at  A by  the  two  cables. 


SOLUTION 


Then: 

and 


AB  = (40  in.)i  - (45  in.)  j + (60  in.)k 

AB  = 7(40  in.)2  + (45  in.)2  + (60  in.)2  = 85  in. 

AC  = (100  in.)i  - (45  in.)j  + (60  in.)k 

AC  = 7(100  in.)2  + (45  in.)2  + (60  in.)2  = 125  in. 


A B 

TAB=TAB-kAB=TAB  — = {5\U\b) 
AB 


(40  in.)i  - (45  in.)  j + (60  in.)k 


85  in. 


Tab  = (240  lb)i  - (270  lb)j  + (360  lb)k 


AC 

TAC=TACKC=TAC  — = (425lb) 


(100  in.)i  - (45  in.)j  + (60  in.)k 


125  in. 


rAC  = (340  lb)i  - (1 53  lb)  j + (204  lb)k 


R = TAb  + Tac  = (580  lb)i  - (423  lb)j  + (564  lb)k 


7?  =912.92  lb 


R = 913  lb  ◄ 


cosdx 


5801b 

912.921b 


0.63532 


Ox  =50.6°  ◄ 


cos  6y 


-423  lb 
912.921b 


-0.46335 


dy  =117.6°  ◄ 


cos#. 


5641b 

912.921b 


0.61780 


ez  = 5i.8°  ◄ 
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PROBLEM  2.95 


For  the  frame  of  Problem  2.87,  determine  the  magnitude  and 
direction  of  the  resultant  of  the  forces  exerted  by  the  cable  at  B 
knowing  that  the  tension  in  the  cable  is  385  N. 

PROBLEM  2.87  A frame  ABC  is  supported  in  part  by  cable 
DBE  that  passes  through  a frictionless  ring  at  B.  Knowing  that 
the  tension  in  the  cable  is  385  N,  determine  the  components  of 
the  force  exerted  by  the  cable  on  the  support  at  D. 


SOLUTION 


BD  = -(480  mm)i  + (510  mm) j - (320  mm)k 

BD  = ^(480  mm)2  + (510  mm)2  + (320  mm)2  = 770  mm 


^BD  ~ TbD^BD 


= Tt 


BD 


BD 

BD 


_ (385  N)  ^ (480  mm)i  + (510  mm)j  - (320  mm)k] 
(770  mm) 

= -(240  N)i  + (255  N)j  - (160  N)k 


BE  = -(270  mm)i  + (400  mm)  j - (600  mm)k 


BE  = ^/(270  mm)2  + (400  mm)2  + (600  mm)2  = 770  mm 


1 BE 


: Tbe^be 


LBE 


BE 

~BE 


= (385N)  [_(270  mm)!  + (400  mm)j  - (600  mm)k] 
(770  mm) 

= -(135  N)i  + (200  N)j  - (300  N)k 


R = Fbd+  Fbe  = -(375  N)i  + (455  N)j  - (460  N)k 
R = 7(375  N)2  + (455  N)2  + (460  N)2  = 747.83  N 


cos  6X  = 


-375  N 
747.83  N 


cos  6 


455  N 
747.83  N 


cos  6,  = 


-460  N 
747.83  N 


R = 748  N ◄ 
6X  =120.1°  ◄ 

6y  = 52.5°  ◄ 

ez  =128.0°  ◄ 
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SOLUTION 


Resultant: 


Tab  = -Tba  (use  results  of  Problem  2.89) 

(^ab)x  =+1125  N (TAB)y  =-750  N (^)2  =-450N 
Tac  = -Tca  (use  results  of  Problem  2.90) 

(Tac)x=+ 1350  N (TAC)y  =-900  N (TAC)Z  = +1380  N 

Rx  = 1FX  =+1125 + 1350  = +2475  N 
Ry=  IFy=  -750  - 900  = -1 650  N 


Rz  =ZF.  = -450  + 1380  = +930  N 
R = ^Rl+Rl+R: 

= ^(+2475)2  + (-1650)2  + (+930)2 


= 3116.6  N 


R = 3120  N ◄ 


„ Rx  +2475 

cos  9 = — = 

R 3116.6 

- Ry  -1650 

cos  6„  = = 

^ R 3116.6 


a Rz  +930 

COS  9V  = —5-  = 

R 3116.6 


9X  =37.4°  ◄ 
9y  = 122.0°  ◄ 
9Z  = 72.6°  ◄ 
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PROBLEM  2.97 

A 

The  end  of  the  coaxial  cable  AE  is  attached  to  the  pole  AB , which 

E *********** 

\ 6<)°A  • 

is  strengthened  by  the  guy  wires  AC  and  AD.  Knowing  that  the 
tension  in  A C is  150  lb  and  that  the  resultant  of  the  forces  exerted 
at  A by  wires  AC  and  AD  must  be  contained  in  the  xy  plane, 
determine  (a)  the  tension  in  AD,  ( b ) the  magnitude  and  direction 
of  the  resultant  of  the  two  forces. 

B 

\ y 

X 

/z 

48°  D 

SOLUTION 


R “ T AC  + T AD 

= (150  lb)(cos  60°  cos  20°i-sin  60°j-cos  60°  sin  20°k) 

+ Tad( sin  36°sin  48°i-cos  36°j  + sin  36°  cos  48°k)  (1) 


(a)  Since  Rz  = 0,  The  coefficient  of  k must  be  zero. 

(150  lb)(-cos  60° sin  20°)  + TAD  (sin  36°  cos  48°)  = 0 

Tad  = 65.220  lb  Tad  = 65.2  lb  ◄ 


( b ) Substituting  for  Tad  into  Eq.  (1)  gives: 

R = [(150  lb)  cos  60° cos  20°  + (65.220  lb)sin  36°sin  48°)]i 
-[(150  lb) sin  60° + (65.220  lb)cos  36°]j  + 0 


R = (98.966  lb)i  - (1 82.668  lb) j 
R = ^(98.966  lb)2  + (182.668  lb)2 

= 207.76  lb  R = 208  lb  ◄ 


cos  6X  = 


98.966  lb 
207.76  lb 


6X=  61.6°  ◄ 


cos  6 


182.668  lb 
207.76  lb 


6y  =151.6°  ◄ 


cos  6Z  = 0 


ez  =90.0°  ◄ 
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PROBLEM  2.98 

E — 

The  end  of  the  coaxial  cable  AE  is  attached  to  the  pole  AB , which 
is  strengthened  by  the  guy  wires  AC  and  AD.  Knowing  that  the 
tension  in  AD  is  125  lb  and  that  the  resultant  of  the  forces  exerted 
at  A by  wires  AC  and  AD  must  be  contained  in  the  xy  plane, 
determine  (a)  the  tension  in  AC,  ( b ) the  magnitude  and  direction 
of  the  resultant  of  the  two  forces. 

r* 

\\ 

\ AN 

B 

L. 

\ y 

X 

/z 

48°  D 

SOLUTION 

R - Tac  + T ad 

= Tac(cos  60°  cos  20°i-sin  60°j-cos  60°  sin  20°k) 

+ (125  lb)(sin  36°sin  48°i-cos  36°j  + sin  36°  cos  48°k) 

(1) 

(a) 

Since  Rz 

= 0,  The  coefficient  of  k must  be  zero. 

Tac(- cos  60° sin  20°)  + (125  lb)(sin  36°  cos  48°)  = 0 

Tac  = 287.49  lb 

Tac  = 287  lb  ◄ 

(b) 

Substituting  for  TAC  into  Eq.  (1)  gives: 

R = [(287.49  lb)  cos  60° cos  20°  + (125  lb)sin  36°sin  48°]i 

-[(287.49  lb)  sin  60°  + (125  lb)  cos  36°]j  + 0 

R = (189.677  lb)i  - (350.10  lb)j 

R = 7(189.677  lb)2  +(350.10  lb)2 

= 398.18  lb 

R = 398  lb  ◄ 

. 189.677  lb 

COS  UY  = 

* 398.18  1b 

6X  =61.6°  ◄ 

. 350.10  1b 

cos  0 = 

J 398.18  1b 

0y  =151.6°  ◄ 

cos  6Z  = 0 

ez  = 9o.o°  ◄ 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


100 


PROBLEM  2.99 

Three  cables  are  used  to  tether  a balloon  as  shown.  Determine  the 
vertical  force  P exerted  by  the  balloon  at  A knowing  that  the  tension 
in  cable  AB  is  259  N. 


SOLUTION 


The  forces  applied  at  A are:  TAB , TAC , TAD , and  P 

where  P = Pj.  To  express  the  other  forces  in  terms  of  the  unit  vectors  i,  j,  k,  we  write 


AB  = -(4.20  m)i  - (5.60  m)j  AB  = 7.00  m 

AC  = (2.40  m)i  - (5.60  m)j  + (4.20  m)k  AC  = 7.40  m 
AD  = -(5.60  m)j  - (3.30  m)k  AD  = 6.50  m 


and 


Tac 

T AD 


~ TAb  Tab 
-Tac^ac 
~ Tad  Tad 


lab 


= T 


AC 


LAD 


AB 

AB 

AC 

AC 

AD 

AD 


= (-0.6i-0.8j)7^ 

= (0.32432  - 0.75676j  + 0.56757k)7^c 
- = (— 0.86154j  - 0.50769 k)TAD 
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PROBLEM  2.99  (Continued) 

Equilibrium  condition  EF  = O'  TtS  + TlC  + TlZ)  + Tj  — 0 

Substituting  the  expressions  obtained  for  TAB,  TAC,  and  TAD  and  factoring  i,  j,  and  k: 

(-0.6Tab  + 0.32432TAC)i  + (-0.8TAB-0.75676TAC-0.86l54TAD  + P)j 
+(0.56757Tac  -0.507697^  )k  = 0 

Equating  to  zero  the  coefficients  of  i,  j,  k: 

-0.67^+0.324327^=0  (1) 

-0.8Tab-0.75676Tac-0.86154Tad+P  = 0 (2) 

0.56757 Tac  - 0.50769 TAD  = 0 (3) 

Setting  Tab  = 259  N in  (1)  and  (2),  and  solving  the  resulting  set  of  equations  gives 

Tac  = 479.15  N 

Tad  = 535.66  N P=1031N|4 
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PROBLEM  2.100 

Three  cables  are  used  to  tether  a balloon  as  shown.  Determine  the 
vertical  force  P exerted  by  the  balloon  at  A knowing  that  the  tension  in 
cable^C  is  444  N. 


SOLUTION 

See  Problem  2.99  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2), 
and  (3)  below: 

-0.67^+0.324327^=0 

(1) 

-0.87^  - 0.756767^c  -0.861547^  + P = 0 

(2) 

0.567577^c  -0.507697^  =0 

(3) 

Substituting  TAC  = 444  N in  Equations  (1),  (2),  and  (3)  above,  and  solving  the  resulting  set  of 
equations  using  conventional  algorithms  gives 

Tab  = 240  N 

Tad  = 496.36  N P 

= 956Nf  ◄ 
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PROBLEM  2.101 

Three  cables  are  used  to  tether  a balloon  as  shown.  Determine  the 
vertical  force  P exerted  by  the  balloon  at  A knowing  that  the  tension 
in  cable  AD  is  481  N. 


SOLUTION 

See  Problem  2.99  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3). 


-0.67^+0.324327^  =0 

(1) 

0.ZTab  - 0.756767^  - 0.861547^  + P = 0 

(2) 

0.567577^  -0.507697^  =0 

(3) 

Substituting  TAD  = 481  N in  Equations  (1),  (2),  and  (3)  above,  and  solving  the  resulting  set  of  equations 
using  conventional  algorithms  gives 

Tac  = 430.26  N 

Tab  = 232.57  N P = 926Nj^ 
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PROBLEM  2.102 

Three  cables  are  used  to  tether  a balloon  as  shown.  Knowing  that  the 
balloon  exerts  an  800-N  vertical  force  at  A,  determine  the  tension  in 
each  cable. 


SOLUTION 

See  Problem  2.99  for  the  figure  and  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3). 


- 0.67^+0.324327^  =0 

(1) 

-0.8Tab  - 0.75676Tac  - 0.861547^  + P = 0 

(2) 

0.56757r4C  —0.507697^  =0 

(3) 

From  Eq.  (1) 

7^=0.540537^ 

From  Eq.  (3) 

7^=1.117957^ 

Substituting  for  TAB 

and  Tad  in  terms  of  TAC  into  Eq.  (2)  gives: 

-0.8(0.540537^)  - 0.756767^  - 0.86154(1 . 117957^)  + P = 0 

2A523Tac=P;  7>  = 800N 
T = 800  N 
AC  2.1523 
= 371.69  N 

Substituting  into  expressions  for  TAB  and  TAD  gives: 

Tab  =0.54053(371.69  N) 

Tad  =1.11795(371.69  N) 

r^=201N,  Tac  = 372  N,  TAD=  416N^ 
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PROBLEM  2.103 

A crate  is  supported  by  three  cables  as  shown.  Determine 
the  weight  of  the  crate  knowing  that  the  tension  in  cable  AB 
is  750  lb. 


SOLUTION 

The  forces  applied  at  A are: 

Tab  5 T 4C , Tad  and  W 

where  P = Pj.  To  express  the  other  forces  in  terms  of  the  unit  vectors  i,  j,  k,  we  write 


and 


AB  = -(36  in.)i  + (60  in.)j  - (27  in.)k 
AB  = 75  in. 

AC  = (60  in.)j  + (32  in.)k 
AC  = 68  in. 

AD  = (40  in.)i  + (60  in.)  j - (27  in.)k 
AD  = 77  in. 


AB 
AB 

(-0.48i  + 0.8j-0.36k)7^ 
AC 
AC 

= (0.88235j  + 0.47059k)T4C 
AD 


T ab  ~ Tab  ^ ab  ~ T ab 


Tac  ~ Tac  ^ac  ~ Tac 


Tad  ~ Tad  ^ ad  ~ Tad 


AD 


= (0.5 1948i  + 0.77922j  - 0.35065^7^ 
Equilibrium  Condition  with  W = -W] 


ZF  = 0:  Tab  + Tac  + Tad  -W]  = 0 
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PROBLEM  2.103  (Continued) 

Substituting  the  expressions  obtained  for  T45  J T AC  , and  Tad  and  factoring  i,  j,  and  k: 

(-0.487^  + 0.519487^  )i  + (0.87^,  + 0.882357^  + 0.779227^ -JV)j 
+ (-0.36 Tab  + 0.470597^c  - 0.350657^ )k  = 0 

Equating  to  zero  the  coefficients  of  i,  j,  k: 

-0.487^  + 0.51 9487^  =0 
0.87^s  + 0.882357^c  + 0.779221%  -W  = 0 
-0.367%  +0.47059 TAC  -0.350657%  =0 

Substituting  Tab  = 750  lb  in  Equations  (1),  (2),  and  (3)  and  solving  the  resulting  set  of  equations,  using 
conventional  algorithms  for  solving  linear  algebraic  equations,  gives: 

7%  = 1090.1  lb 

Tad  = 693  lb  W = 2100  lb  A 
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PROBLEM  2.104 

A crate  is  supported  by  three  cables  as  shown.  Determine 
the  weight  of  the  crate  knowing  that  the  tension  in  cable  AD 
is  616  lb. 


SOLUTION 

See  Problem  2.103  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3) 
below: 

-0.487^+0.519487^=0 
0.87^  + 0.882357^  + 0.779227^  - W = 0 
-0.367^  +0.470597^  -0.350657^  =0 

Substituting  TAD  = 616  lb  in  Equations  (1),  (2),  and  (3)  above,  and  solving  the  resulting  set  of  equations  using 
conventional  algorithms,  gives: 

Tab  = 667.67  lb 

Tac  = 969.00  lb  W = 1868  lb  -4 
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SOLUTION 

See  Problem  2.103  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3) 
below: 

-0.487^+0.519487^  =0 
0.87^  + 0.88235J4C  + 0.779227^  - W = 0 
-0.367^  + 0.470597^  -0.35065TAD  =0 

Substituting  Tac  = 544  lb  in  Equations  (1),  (2),  and  (3)  above,  and  solving  the  resulting  set  of  equations  using 
conventional  algorithms,  gives: 

Tab  =374.27  lb 

Tad  = 345.82  lb  W = 1049  lb  ◄ 
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SOLUTION 

See  Problem  2.103  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3) 

below: 

-0.487^+0.519487^=0 

()Mab  + 0.88235r4C  + 0.779227^  -W  = 0 

-0.36Tab  +0.470597^c  -0.350657^  =0 

Substituting  W = 1600  lb  in  Equations  (1),  (2),  and  (3)  above,  and  solving  the  resulting  set  of  equations  using 

conventional  algorithms,  gives: 

Tab  = 571  lb  ◄ 

Tac  = 830  lb  ◄ 

Tad  = 528  lb  ◄ 
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220  mm 


PROBLEM  2.107 

Three  cables  are  connected  at  A,  where  the  forces  P and  Q are 
applied  as  shown.  Knowing  that  Q-  0,  find  the  value  of  P for 
which  the  tension  in  cable  AD  is  305  N. 


SOLUTION 


=0:  tab  + Tac:  + Tad  + P = 0 where  P = Pi 
AB  = -(960  mm)i  - (240  mm)j  + (380  mm)k  AB  = 1060  mm 
AC  - -(960  mm)i  - (240  mm)j  - (320  mm)k  AC  - 1040  mm 
AD  = -(960  mm)i  + (720  mm)j  - (220  mm)k  AD  = 1220  mm 


Tab  ~ Tab  Tab  ~ Tab 


AB 

AB 


48.  12.  19  ^ 

— i j + — k 

53  53  53  J 


Tac 

Tad 


1 Tac  Tac  ~ Tac 


AC 


~ Tad  Tad  ~ 


AC 
305  N 


LAC 


12, 

f3 1 


3 . 4 

— J k 

13  13 


[(-960  mm)i  + (720  mm)  j - (220  mm)k] 


1220  mm 
= -(240  N)i  + (1 80  N) j - (55  N)k 


Substituting  into  = 0,  factoring  i,  j,  k,  and  setting  each  coefficient  equal  to  (/)  gives: 


48 , 


12 , 


P = — tab+  — ‘ ^c+240N 
53  13 


J:  |^+1V=180N 


19  4 

k ^-i/-=55N 


(1) 

(2) 
(3) 


Solving  the  system  of  linear  equations  using  conventional  algorithms  gives: 

Tab  =446.71  N 

Tac  = 341.71  N P = 960  N ◄ 
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PROBLEM  2.108 

Three  cables  are  connected  at  A,  where  the  forces  P and  Q are 
applied  as  shown.  Knowing  that  P = 1200  N,  determine  the  values 
of  Q for  which  cable  AD  is  taut. 


SOLUTION 


We  assume  that  TAD  = 0 and  write  EF^  = 0:  TAB  + TAC  + Q\  + (1200  N)i  = 0 

AB  = -(960  mm)i  - (240  mm)j  + (380  mm)k  AB  = 1060  mm 
AC  = -(960  mm)i  - (240  mm)j  - (320  mm)k  AC  = 1040  mm 


Tac  -Tac^ac 


^ AB  f 

48 

12  . 

19 

AB  AB  H 

53  1 

— j 3 

53  53 

„ AC 

f 12. 

3 . 

4 

II 

|o 

1 ^ 
G 
- ^ 

"-H 

II 

1 - 

l 13 

13J  13 

k \Ta 


k \T 


AC 


Substituting  into  XF^  = 0,  factoring  i,  j,  k,  and  setting  each  coefficient  equal  to  (/)  gives: 


j' 

k: 


-«r. 

53 


AB 


■1 It. 

53 


AB 


53  A‘ 


12 

13 

IJ 

4 

13 


TAc 

Tac 

Tac 


+ 1200  N = 0 


+ Q = 0 


= 0 


Solving  the  resulting  system  of  linear  equations  using  conventional  algorithms  gives: 


(1) 

(2) 

(3) 


Tab  = 605.71  N 
Tac  =705.71  N 

2 = 300.00  N 0 ^ 2 < 300  N A 


Note:  This  solution  assumes  that  Q is  directed  upward  as  shown  ( Q > 0),  if  negative  values  of  Q 
are  considered,  cable  AD  remains  taut,  but  A C becomes  slack  for  Q = -460  N. 
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SOLUTION 


XF-O:  Tab  + Tac  + Tad  + Pj  - 0 

~AB  = -45i - 90 j + 30k  AB  = \Q5  ft 
^AC  = 30i  - 90  j + 65k  AC  = 115  ft 
AD  = 20i-90j-60k  AD  = UQf\. 


We  write 


lAB 


: Tab^-ab  — Tab 


AB 

~AB 


3.  6.2  I T 
~ i--J  + yk  \Tab 


^ac  ~ Tac  T ac  ~ TAC 


6 . 18  . 

J + 


AC 

AC 

13 


23  23' 


Tad  ~ Tad  T ad 


1 AD 


23 

AD 

AD 


k T. 


AC 


2 . 9 . 6 . 

— 1 J k \Tad 

V11  11  11  1 


Substituting  into  the  Eq.  EF  = 0 and  factoring  i,  j,  k : 


K +ir 

" J 1 AB  T 22  AC  ^ J J 


_6  18  __9_  ,. 

~]1ab  23JjC  \\  AD+^'^ 


It  , Hr  _Ar 

jAab  + 22,1ac  \\ad 


k = 0 


Free  Body  A : 
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PROBLEM  2.109  (Continued) 

Setting  the  coefficients  of  i,  j,  k,  equal  to  zero: 

+ 23^c  + Yl^AD  = ^ 

(1) 

6 T 18  9r 

j-  ^AB  23^AC 

(2) 

2 13  6 

K-  jJAB  + 23^C  11  AD-V 

(3) 

Set  Tab  = 630  lb  in  Eqs.  (1)  - (3): 

f\  9 

-270  lb  + — T,r  +—T,n  =0 

23  11 

(10 

18  9 

-5401b-  — tac--tad+p  = o 

(20 

m\b  + ^TAC~TAD=0 

(30 

Solving,  T4C  = 467.42  lb  TAD  = 814.35  lb  P = 1572.10  lb 

P = 1572  lb  ◄ 
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PROBLEM  2.110 

A transmission  tower  is  held  by  three  guy  wires  attached  to  a 
pin  at  A and  anchored  by  bolts  at  B , C,  and  D.  If  the  tension  in 
wire  AC  is  920  lb,  determine  the  vertical  force  P exerted  by  the 
tower  on  the  pin  at  A. 


SOLUTION 

See  Problem  2.109  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3) 
below: 

3 6 2 

-—Tab  +^23^ac  + Y\^AD  = ^ 

(1) 

~ATab~^Tac~TiTad+p  = 0 

(2) 

yTAB+^TAC-^TAD  = 0 

(3) 

Substituting  for  TAC  = 920  lb  in  Equations  (1),  (2),  and  (3)  above  and  solving  the  resulting  set  of  equations 
using  conventional  algorithms  gives: 

—Tab*  240  lb +2.^=0 

(10 

~Tm-  7201b- 2-7^ +P  = 0 

(20 

yCfl  +520  \b-yT4D=0 

(30 

Solving,  Tab  =1240.00  lb 

Tad  =1602.86  lb 

P = 3094.3  lb 

P = 3090  lb  ◄ 
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Dimensions  in  mm 


PROBLEM  2.111 

A rectangular  plate  is  supported  by  three  cables  as  shown. 
Knowing  that  the  tension  in  cable  A C is  60  N,  determine  the 
weight  of  the  plate. 


SOLUTION 

We  note  that  the  weight  of  the  plate  is  equal  in  magnitude  to  the  force  P exerted  by  the  support  on  Point  A. 

Free  Body  ,4: 

XF  = 0 : Tab  + Tac  + Tad  + Fj  = 0 


We  have: 


AB  = -(320  mm)i  - (480  mm)j  + (360  mm)k  AB  = 680  mm 
AC  = (450  mm)i  - (480  mm)j  + (360  mm)k  AC  = 750  mm 
AD  = { 250  mm)i-(480  mm)j-(360  mm ) k AD  = 6 50  mm 


Thus: 


Tab  ~ Tab  \ ab 


AB 


Tad  ~ Tad  T ad  ~ Tad 


AB 

AC 

AC 

AD 

~AD 


8 . 12 


9 


TAB-  = \-—i-—i  + —lL\TJ 


17  17  17 


1 AB 


^ac  —Tac^ac  —Tac  A/^~  (^-6i  0.64  j + 0.48k) 


5.  9.6.  7.2, 

— i j k 

13  13  13 


Substituting  into  the  Eq.  XF  = 0 and  factoring  i,  j,  k: 


-^-Tab+0.6Tac+^Tad 


12 

— T. 
17 


AB 


96. 

12 

7.2, 


0.6472IC  | ^ Tad  + P 


+®-4%TAc  \t)±ad 


k = 0 


AC 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


116 


PROBLEM  2.111  (Continued) 

Setting  the  coefficient  of  i,  j,  k equal  to  zero: 

i:  ~Tab+0.6Tac+^Tad=0 

(1) 

r ~tab-omtac-^-tad+p=o 

(2) 

k:  ^Tab+0A8Tac-^-Tad=0 

(3) 

Making  TAC  - 60  N in  (1)  and  (3): 

~TAB+  36  N + ^7^=0 

(10 

^ri4fl  + 28.8N~ri4D=o 

(30 

Multiply  (1')  by  9,  (3')  by  8,  and  add: 

554.4  N -~^-Tad  = 0 Tad  = 572.0  N 

Substitute  into  (1')  and  solve  for  TAB: 

^=vf36  + lTx572]  Tab  = 544.0  N 

8 v y 

Substitute  for  the  tensions  in  Eq.  (2)  and  solve  for  P : 

P = ^(544 N)  + 0.64(60  N)  + ^(572  N) 

= 844.8  N 

Weight  of  plate  = P = 845  N A 
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SOLUTION 

See  Problem  2.111  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and 
(3)  below: 


~Tab+0.6Tac+^Tad=0 


~Tab+0.64Tac  ~^Tad  + P = 0 


1-Tab+0ASTac-^Tad=0 


Making  TAD  = 520  N in  Eqs.  (1)  and  (3): 


~JjTAB  + °-6Tac  + 200  N = 0 


—Tab  + 0.487^.  - 288  N = 0 


Multiply  (!')  by  9,  (3')  by  8,  and  add: 


9.247^c  - 504  N = 0 TAC  =54.5455  N 


Substitute  into  (T)  and  solve  for  Tab- 

17 


AB  - — (0.6x54.5455  + 200)  TAB  = 494.545  N 


8 

Substitute  for  the  tensions  in  Eq.  (2)  and  solve  for  P : 


p = —(494.545  N)  + 0.64(54.5455  N)  + — (520  N) 
= 768.00  N 


(1) 

(2) 

(3) 

(10 

(30 


Weight  of  plate  = P = 768  N 4 
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PROBLEM  2.113 

For  the  transmission  tower  of  Problems  2.109  and  2.1 10,  determine 
the  tension  in  each  guy  wire  knowing  that  the  tower  exerts  on  the 
pin  at  A an  upward  vertical  force  of  2100  lb. 


SOLUTION 

See  Problem  2.109  for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and 
(3)  below: 

-f  tab+-^tac+^Tad=0 

(1) 

“I  Tab~^Tac-^tad+P  = 0 

(2) 

^ TAB  + 23  Cc  - ~yfAD  = ^ 

(3) 

Substituting  for  P - 2100  lb  in  Equations  (1),  (2),  and  (3)  above  and  solving  the  resulting  set  of  equations 
using  conventional  algorithms  gives: 

~tab+-^Tac+^Tad=0 

(10 

~Tab  ~Tac  —7^+2100  lb  = 0 

(20 

yTAB+\ \TAC-yTAD=0 

(30 

Tab  =841.55  lb 

Tac  = 624.38  lb 

Tad  =1087.81  lb 

Tab  = 842  lb  ◄ 

Tac  = 624  lb  ◄ 

Tad  =1088  lb  ◄ 
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SOLUTION 

See  Problem  2.1 1 1 for  the  figure  and  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and 
(3)  below.  Setting  P = 792  N gives: 

= 0 (1) 

= 0 (2) 

= 0 (3) 

gives 

TAb=  510  N ◄ 
Tac  = 56.2  N ◄ 
Tad  = 536  N ◄ 


~Tab+0.6Tac+-Tad 

~ tab~ 0MTac  ~^Tad+  792  N 

1-Tab+0A8Tac-7-^Tad 

Solving  Equations  (1),  (2),  and  (3)  by  conventional  algorithms 

Tab  =510.00  N 
Tac=  56.250  N 
Tad  =536.25  N 
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SOLUTION 


Where 


- 0:  Tab  + Tac  + Tad  + P + Q - 0 
P = Pi  and  Q = Q\ 

AB  = -(960  mm)i  - (240  mm)j  + (380  mm)k  AB  = 1060  mm 
AC-  -(960  mm)i - (240  mm)j  - (320  mm)k  AC  - 1040  mm 
AD  = -(960  mm)i  + (720  mm)j  - (220  mm)k  AD  = 1220  mm 


Tab  ~ TAb  ^ ab  ~ T ab 


Tac  ~ Tac  ^ ac 


AB 

AB 

AC 


= T 


AB 


48.  12 


19, 


i j + — k 

v 53  53  53 

12, 


Tad  ~ Tad  \ ad  ~ Tad 


AC 

AD 

AD 


Tac  a ^ ~ Tac  ^ ^ J , ^ ^ 


1 ad 


13  13  13 

48.  36.  11  A 

1 + — l k 

61  61  61  j 


Substituting  into  = 0,  setting  P = (2880  N)i  and  Q = 0,  and  setting  the  coefficients  of  i,  j,  k equal  to  0, 
we  obtain  the  following  three  equilibrium  equations: 

i as 

380  N = 0 (1) 

(2) 
(3) 


i : 

48  _ 

12 

48  „ 

Tab 

53 

13  c 

tad 

61  AD 

12 

3 ^ 

36  _ 

J : 

53'fl 

13  AC 

+T\  AD 

19 

4 ^ 

ii 

k: 

— tab~ 
53 

—tac  ~ 

13  c 

—Tad  = 
61 
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PROBLEM  2.116  (Continued) 

Solving  the  system  of  linear  equations  using  conventional  algorithms  gives: 

Tab  = 1340.14  N 

Tac  = 1025.12  N 

Tad  =915.03  N 

Tab  = 1340  N ◄ 

Tac  =1025  N ◄ 

Tad  =915  N ◄ 
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PROBLEM  2.117 

For  the  cable  system  of  Problems  2.107  and  2.108,  determine  the 
tension  in  each  cable  knowing  that  P = 2880  N and  Q = 576  N. 


SOLUTION 

See  Problem  2.1 16  for  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3)  below: 

-—Tab  -~tac  -—tad+p  = 0 

53  13  61 

(1) 

~—T  - — T + — T +0~  0 

33  13  ol 

(2) 

Ht  ~—t  -Hr  -o 

1 AB  m1AC  r^1AD  - w 

53  13  61 

(3) 

Setting  P = 2880  N and  Q = 576  N gives: 

48  12  48 

Tab tac tad  + 2 880  N = 0 

53  13  61 

(10 

Tab Tac  +—Tad  + 576  N = 0 

53  13  61 

(2') 

Hr  _lir  -o 

53  AB  13  AC  61  AD 

(30 

Solving  the  resulting  set  of  equations  using  conventional  algorithms  gives: 

Tab  = 1431.00  N 

Tac  = 1560.00  N 

Tad  =183.010  N 

Tab  = 1431  N ◄ 

Tac  =1560  N ◄ 

Tm=  183.0  N ◄ 
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PROBLEM  2.118 

For  the  cable  system  of  Problems  2.107  and  2.108,  determine  the 
tension  in  each  cable  knowing  that  ,P  = 2880N  and  g = -576N. 
(Q  is  directed  downward). 


SOLUTION 

See  Problem  2.1 16  for  the  analysis  leading  to  the  linear  algebraic  Equations  (1),  (2),  and  (3)  below: 

~—tab  -—Tac  ~—Tad+P= 0 

53  13  61 

(1) 

-—T  --T  + — T +0-0 

53  13  61 

(2) 

±1T  -±T  _li  T _o 

C^1AB  i^1AC  r,1AD~y) 

JJ  13  ol 

(3) 

Setting  P = 2880  N and  Q = -576  N gives: 

48  12  48 

-—tab--Tac-—Tad+2Z80K  = 0 

(1') 

~Tab  -j-Tac  Aad  -576  N = 0 

53  13  61 

(2') 

-±t  -Hr  -o 

C-,1AB  ,~,1AC  r,1AD~y) 

53  13  61 

(3') 

Solving  the  resulting  set  of  equations  using  conventional  algorithms  gives: 

Tab  = 1249.29  N 

Tac  =490.3  IN 

Tad  = 1646.97  N 

Tab=  1249  N ◄ 

Tac  = 490  N ◄ 

Tad  =1647  N ◄ 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


125 


PROBLEM  2.119 

Using  two  ropes  and  a roller  chute,  two  workers  are  unloading  a 200-lb 
cast-iron  counterweight  from  a truck.  Knowing  that  at  the  instant 
shown  the  counterweight  is  kept  from  moving  and  that  the  positions  of 
Points  A,  B , and  C are,  respectively,  A( 0,  -20  in.,  40  in.),  B(- 40  in., 
50  in.,  0),  and  C(45  in.,  40  in.,  0),  and  assuming  that  no  friction  exists 
between  the  counterweight  and  the  chute,  determine  the  tension  in  each 
rope.  (Hint.  Since  there  is  no  friction,  the  force  exerted  by  the  chute  on 
the  counterweight  must  be  perpendicular  to  the  chute.) 


SOLUTION 


From  the  geometry  of  the  chute: 

N = ^(2j  + R, 

= 7V(0.8944j  + 0.4472k) 

The  force  in  each  rope  can  be  written  as  the  product  of  the  magnitude  of  the 
force  and  the  unit  vector  along  the  cable.  Thus,  with 


AB  = (40  in.)i  + (70  in.)j  - (40  in.)k 

AB  = f 40  in.)2  +(70  in.)2 

+ (40  in.)2 

= 90  in. 

A R 

Tab=TKb=Tab  — 

AB 

= 7^[C40  in.)i  + (70  in.)j  - (40 
90  m. 

( 4 7 4 ) 

T,B=^(--i  + -j--kJ 

and 


AC  - (45  in.)i  + (60  in.)j  - (40  in.)k 
AC  = 7(45  in.)2  +(60  in.)2  +(40  in.)2  = 85  in. 
m AC 


KAC 


-Tl 


AC  ~ 1 AC 


AC 


— ^—[(45  in.)i  + (60  in.)j  - (40  in.)k] 
85  in. 


Tac  ~ Tac 


9 . 12  . 8 

— i H 1 k 

v17  17  17  j 


Then: 


ZF  = 0:  N + Tab  + Tac  + W = 0 
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PROBLEM  2.119  (Continued) 

With  W = 200  lb,  and  equating  the  factors  of  i,  j,  and  k to  zero,  we  obtain  the  linear  algebraic  equations: 

4 9 

i:  -9Tab+~Tac=  0 

(i) 

7 12  2 

j:  -TAB+—TAC+-^- 200  lb  = 0 

9 AB  17  AC  A 

(2) 

4 8 1 

k:  — tar TAC+-=N  = 0 

9 AB  17  AC  15 

(3) 

Using  conventional  methods  for  solving  linear  algebraic  equations  we  obtain: 

Tab  = 65.6  lb  ◄ 

Tac  = 55.1  lb  A 
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PROBLEM  2.120 

Solve  Problem  2.119  assuming  that  a third  worker  is  exerting  a force 
P = -(40  lb)i  on  the  counterweight. 

PROBLEM  2.119  Using  two  ropes  and  a roller  chute,  two  workers  are 
unloading  a 200-lb  cast-iron  counterweight  from  a truck.  Knowing  that 
at  the  instant  shown  the  counterweight  is  kept  from  moving  and  that  the 
positions  of  Points  A,  B , and  C are,  respectively,  A( 0,  -20  in.,  40  in.), 
B(- 40  in.,  50  in.,  0),  and  C(45  in.,  40  in.,  0),  and  assuming  that  no 
friction  exists  between  the  counterweight  and  the  chute,  determine  the 
tension  in  each  rope.  (Hint:  Since  there  is  no  friction,  the  force  exerted 
by  the  chute  on  the  counterweight  must  be  perpendicular  to  the  chute.) 


SOLUTION 

See  Problem  2.1 19  for  the  analysis  leading  to  the  vectors  describing  the  tension  in  each  rope. 

7 . 4, 


8 


T45  - TAb 

f 4.  ’ 

— i + - 

T ac  ~ Tac 

v 9 ' 
(9.  1 
U7  1 

Then: 

M 

II 

0 

N + T 'AB 

Where 

p = -(40  lb)i 

and 

W = (200  lb)j 

Equating  the  factors  of  i,  j,  and  k to  zero,  we  obtain  the  linear  equations: 

i:  ~Tab+^Tac- 401b  = 0 

j:  -j=N  + Hab+^Tac- 200  lb  = 0 


1 


8 


-N--Tab Tac=  0 

75  9 17  c 

Using  conventional  methods  for  solving  linear  algebraic  equations  we  obtain 


Tab  = 24.8  lb  ◄ 


Tac  = 96.4  lb  ◄ 
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PROBLEM  2.121 

A container  of  weight  W is  suspended  from  ring  A. 
Cable  BAC  passes  through  the  ring  and  is  attached  to 
fixed  supports  at  B and  C.  Two  forces  P = Pi  and 
Q = Qk  are  applied  to  the  ring  to  maintain  the 
container  in  the  position  shown.  Knowing  that 
W - 376  N,  determine  P and  Q.  {Hint:  The  tension  is 
the  same  in  both  portions  of  cable  BAC.) 
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PROBLEM  2.121  (Continued) 

Data: 

W = 376  N 1.705217’  = 376  N T = 220.50  N 

0.59501(220.50  N ) = P 

P = 131.2N  ◄ 

0.134240(220.50  N)  = 0 

Q = 29.6  N ◄ 
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PROBLEM  2.122 

For  the  system  of  Problem  2.121,  determine  W and  Q 
knowing  that  P = 164  N. 

PROBLEM  2.121  A container  of  weight  W is  suspended 
from  ring  A.  Cable  BAC  passes  through  the  ring  and  is 
attached  to  fixed  supports  at  B and  C.  Two  forces  P = Pi 
and  Q = gk  are  applied  to  the  ring  to  maintain  the  container 
in  the  position  shown.  Knowing  that  £F  = 376N,  determine 
P and  Q.  (Hint:  The  tension  is  the  same  in  both  portions  of 
cable  BAC.) 


SOLUTION 


Refer  to  Problem  2.121  for  the  figure  and  analysis  resulting  in  Equations  (1),  (2),  and  (3)  for  P,  W,  and  Q in 
terms  of  T below.  Setting  P = 164  N we  have: 


Eq.  (1): 

0.59501J  = 164  N 

T = 275.63  N 

Eq.  (2): 

1.70521(275.63  N)  = 1E 

W = 470  N ◄ 

Eq.  (3): 

0.134240(275.63  N ) = Q 

(7  = 37.0  N ◄ 
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PROBLEM  2.123 

A container  of  weight  W is  suspended  from  ring  A,  to 
which  cables  AC  and  AE  are  attached.  A force  P is 
applied  to  the  end  F of  a third  cable  that  passes  over  a 
pulley  at  B and  through  ring  A and  that  is  attached  to  a 
support  at  D.  Knowing  that  W — 1000  N,  determine  the 
magnitude  of  P.  {Hint:  The  tension  is  the  same  in  all 
portions  of  cable  FBAD .) 


SOLUTION 


The  (vector)  force  in  each  cable  can  be  written  as  the  product  of  the  (scalar)  force  and  the  unit  vector  along 
the  cable.  That  is,  with 


AB  = -(0.78  m)i  + (1 .6  m)j  + (0  m)k 

AB  = ^(-0.78  m)2  + (1 .6  m)2  + (0)2 
= 1.78  m 


*AB 


= Tl 


AB 


lAB 


AB 

AB 


_ Tab 
1.78  m 


[-(0.78  m)i  + (1 .6  m)j  + (0  m)k] 


Tab  = Tab  (~0.4382i  + 0.8989j  + 0k) 


and  AC  = (0)i  + (1 .6  m)  j + (1 .2  m)k 

AC  = 7(0  m)2  + (1.6  m)2  + (1.2  m)2  = 2 m 
~AC  T 

+c  = TKc  =TaC  — = ^-[(0)i  + (1  -6  m)j  + (1 .2  m)k] 
AC  2 m 

Tc  = ^ac  (0-8  j + 0.6k) 


and  AD  = (1.3  m)i  + (1.6  m) j + (0.4  m)k 

AD  = 7(1 .3  m)2  + (1 .6  m)2  + (0.4  m)2  = 2. 1 m 

An  t 

T AD  = TKd  =tad  — = tt^-K  1 -3  m)i  + (1 .6  m)j  + (0.4  m)k] 
AD  2.1m 

Tad  = Tad  (0.61 90i  + 0.76 19j  + 0.1905k) 
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Finally, 


PROBLEM  2.123  (Continued) 

AE  = -(0.4  m)i  + (1.6  m)j  -(0.86  m)k 

AE  = f-0.4  m)2  + (1.6  m)2  + (-0.86  m)2  = 1.86  m 

AE 


'I AE  ~ T^“AE  ~ TaE 


AE 


lae 


-[-(0.4  m)i  + (1.6  m) j - (0.86  m)k] 


'AE 


With  the  weight  of  the  container 


1.86  m 

: Tae (-0.2 1 5 li  + 0. 8602 j - 0.4624k) 
W = -W\,  at  A we  have: 


£F  = 0:  TJB+Tjr.+Tjn-W}  = 0 


AB  ^ AC  ^ AD 

Equating  the  factors  of  i,  j,  and  k to  zero,  we  obtain  the  following  linear  algebraic  equations: 

-0.43827^,  + 0.61907^,  -0.21517^£  =0 
0.89897^  +0.87^c  +0.76197^  + 0.86027^  - W = 0 


0.67^+0.19057^. 


-0.46247’^  =0 


(1) 

(2) 

(3) 


Knowing  that  W = 1000  N and  that  because  of  the  pulley  system  at  B TAB  ~ Tad  ~ T,  where  P is  the  externally 
applied  (unknown)  force,  we  can  solve  the  system  of  linear  Equations  (1),  (2)  and  (3)  uniquely  for  P. 

P = 318  N ◄ 
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PROBLEM  2.124 

Knowing  that  the  tension  in  cable  AC  of  the  system 
described  in  Problem  2.123  is  150  N,  determine  (a)  the 
magnitude  of  the  force  P,  ( b ) the  weight  W of  the 
container. 

PROBLEM  2.123  A container  of  weight  W is 
suspended  from  ring  A,  to  which  cables  AC  and  AE  are 
attached.  A force  P is  applied  to  the  end  F of  a third 
cable  that  passes  over  a pulley  at  B and  through  ring  A 
and  that  is  attached  to  a support  at  D.  Knowing  that 
W = 1000  N,  determine  the  magnitude  of  P.  {Hint:  The 
tension  is  the  same  in  all  portions  of  cable  FBAD .) 


SOLUTION 

Here,  as  in  Problem  2.123,  the  support  of  the  container  consists  of  the  four  cables  AE , AC , AD , and  AB,  with 
the  condition  that  the  force  in  cables  AB  and  AD  is  equal  to  the  externally  applied  force  P.  Thus,  with  the 
condition 

Tab  = Tad  = P 

and  using  the  linear  algebraic  equations  of  Problem  2.131  with  Tac  = 150  N,  we  obtain 

(a)  P = 454N  ◄ 

(b)  W = 1202  N ◄ 
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PROBLEM  2.125 

Collars  A and  B are  connected  by  a 25 -in. -long  wire  and  can  slide 
freely  on  frictionless  rods.  If  a 60-lb  force  Q is  applied  to  collar  B as 
shown,  determine  (a)  the  tension  in  the  wire  when  x = 9 in.,  ( b ) the 
corresponding  magnitude  of  the  force  P required  to  maintain  the 
equilibrium  of  the  system. 
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PROBLEM  2.126 

V.v 

Collars  A and  B are  connected  by  a 25-in.-long  wire  and  can  slide 

i’ 

freely  on  frictionless  rods.  Determine  the  distances  x and  z for 

which  the  equilibrium  of  the  system  is  maintained  when  P = 120  lb 

\ 

and  Q = 60  lb. 

/o\ 

20  in. 

X 

SOLUTION 

See  Problem  2.125  for  the  diagrams  and  analysis  leading  to  Equations  (1)  and  (2)  below: 

p=  TabX  =0 

25  in. 

(i) 

601b-  TabZ  =0 

25  in. 

(2) 

For  P = 120  lb,  Eq.  (1)  yields 

Tabx  = (25  in.)(20  lb) 

(10 

From  Eq.  (2) 

Tabz  = ( 25  in.)  (60  lb) 

(20 

Dividing  Eq.  (l')by  12'): 

— = 2 
z 

(3) 

Now  write  x 2 

+ z2  + (20  in.)2  =(25  in.)2 

(4) 

Solving  (3)  and  (4)  simultaneously 

4z2  +z2  +400  = 625 

z2  =45 

z = 6.708  in. 

From  Eq.  (3) 

x = 2z  = 2(6.708  in.) 

= 13.416  in. 

x = 13.42  in., 

z = 6.71  in.  <4 
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PROBLEM  2.127 

The  direction  of  the  75-lb  forces  may  vary,  but  the  angle  between  the  forces  is 
always  50°.  Determine  the  value  of  a for  which  the  resultant  of  the  forces  acting  at  A 
is  directed  horizontally  to  the  left. 


SOLUTION 


We  must  first  replace  the  two  75-lb  forces  by  their  resultant  R[  using  the  triangle  rule. 


R;  =2(75  lb)  cos  25° 

= 135.946  lb 

Rj  =135.946  lb  ^ a + 25' 


Next  we  consider  the  resultant  R2  of  R[  and  the  240-lb  force  where  R2  must  be  horizontal  and  directed  to 
the  left.  Using  the  triangle  rule  and  law  of  sines, 


lb 


- I'bS. “Iwc.  lb 


sin(cr  + 25°)  _ sin (30°) 
2401b  ~ 135.946 

sin  {a  + 25°)  = 0.88270 
a + 25°  = 61.970° 
a = 36.970° 


ctr  = 37.0°  ◄ 
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PROBLEM  2.128 

A stake  is  being  pulled  out  of  the  ground  by  means  of  two  ropes  as  shown. 
Knowing  the  magnitude  and  direction  of  the  force  exerted  on  one  rope, 
determine  the  magnitude  and  direction  of  the  force  P that  should  be  exerted  on 
the  other  rope  if  the  resultant  of  these  two  forces  is  to  be  a 40-lb  vertical  force. 
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PROBLEM  2.129 

Member  BD  exerts  on  member  ABC  a force  P directed  along  line  BD. 
Knowing  that  P must  have  a 240-lb  vertical  component,  determine 
{a)  the  magnitude  of  the  force  P,  ( b ) its  horizontal  component. 


SOLUTION 


(a) 

( t 0 


sin  35°  sin  40° 


T 240  lb 

x tan  40°  tan  40° 


or  P = 373  lb  ◄ 
or  Px  = 286  lb  A 
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PROBLEM  2.130 

Two  cables  are  tied  together  at  C and  loaded  as  shown.  Determine 
the  tension  (a)  in  cable  AC,  (b)  in  cable  BC. 


SOLUTION 


(a) 


Free  Body  Diagram  at  C: 


T bc  — 1.088007^c 


£Fy=0: 


3.5  ft , 
12  ft 


' AC 


4 ft 

+ Tbc  - 396  lb  = 0 

8.5  ft  BC 


———Tac  + -^-^-(1.088007\r)  — 396  lb  = 0 
12.5  ft  AC  8.5  ft  AC 


(0.28000  + 0.51200)7^.  =396  lb 


(b) 


Tac  =500.0  lb 


Tac  = 500  lb  ◄ 


Tbc  =(1.08800)(500.0  lb) 


Tbc  = 544  lb  ◄ 
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fi(M)  nun 


PROBLEM  2.131 

Two  cables  are  tied  together  at  C and  loaded  as  shown.  Knowing 
that  ,P  = 360N,  determine  the  tension  {a)  in  cable  AC,  ( b ) in 
cable  BC. 
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PROBLEM  2.132 


Two  cables  are  tied  together  at  C and  loaded  as  shown. 
Determine  the  range  of  values  of  P for  which  both  cables 
remain  taut. 
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PROBLEM  2.133 

A force  acts  at  the  origin  of  a coordinate  system  in  a direction  defined  by  the  angles  0X  - 69.3°  and 
6Z  = 57.9°.  Knowing  that  the  y component  of  the  force  is  -174.0  lb,  determine  ( a ) the  angle  0y,  ( b ) the  other 
components  and  the  magnitude  of  the  force. 


SOLUTION 

{a)  To  determine  0y,  use  the  relation 

cos2  0y  + cos2  0y  + cos2  6Z- 1 

or  cos2  0=1-  cos2  0X  - cos2  0V 

y x y 

Since  Fy  < 0,  we  must  have  cos  0y  < 0 

cos 6y  =-Vl-cos2  69.3° -cos2  57.9° 

= -0.76985 

6y  = 140.3°  ◄ 

(i b ) F=  Fy  =_174‘°lb=  226.02  lb 

cosdy  -0.76985 

F = 226  lb  ◄ 

Fx  - F cosdx  - (226.02  lb) cos  69.3° 

Fx  = 79.9  lb  ◄ 

Fz  = F cos  6Z  =(226.02  lb)  cos 57.9° 

Fz  =120.1  lb  ◄ 
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PROBLEM  2.135 

In  order  to  move  a wrecked  truck,  two  cables  are  attached  at 
A and  pulled  by  winches  B and  C as  shown.  Knowing  that  the 
tension  is  10  kN  in  cable  AB  and  7.5  kN  in  cable  AC, 
determine  the  magnitude  and  direction  of  the  resultant  of  the 
forces  exerted  at  A by  the  two  cables. 


SOLUTION 


AB: 

AB: 

AC 

AC 

Tab  = 


:-15.588i  + 15j  + 12k 
: 24.739  m 

= -15.588i  + 18.60j  -15k 
:28.530  m 


Tab  Tab  ~ Tab 


Tab  = (10  kN) 


AB 
~AB 

15.588i  + 15j  + 12k 


Tab  ~ 


Tac  ~ 

Tac  = 

R 


24.739 

(6.301  kN)i  + (6.063  kN)j  + (4.85 1 kN)k 

7^c  =rAC^( 7.5  ^ -15-5881 + 18.60j- 15k 
ac  ac  ac  AC\  28.530 

-(4.098  kN)i  + (4.890  kN)j  - (3.943  kN)k 

; tab  + tac  = -(10.399  kN)i  + (10.953  kN)j  + (0.908  kN)k 


R = 7(10.399)2  + (10.953)2  + (0.908)2 

= 15.130  kN 

R = 15.13  kN 

„ Rx  -10.399  kN 

COS0=X=  = 0.6873 

R 15.130  kN 

6Z  =133.4° 

„ Ry  10.953  kN 

cos  ft,  = = 0.7239 

y R 15.130  kN 

0y  = 43.6° 

^ Rz  0.908  kN  A A£An 

cos  ft  = — = = 0.0600 

R 15.130  kN 

6Z  =86.6° 
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PROBLEM  2.136 

A container  of  weight  W - 1 165  N is  supported  by  three  cables  as 
shown.  Determine  the  tension  in  each  cable. 
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PROBLEM  2.136  (Continued) 

Substitute  for  TAB  and  TAC  from  (1)  and  (3)  into  (2): 

[ 0.8x0.96899  +— xO. 88953  + — |7\D  -1165  N = 0 
^ 17  53 ) AD 


2.2578Tad  - 1 165  N = 0 

Tad  = 516  N 

From  (1): 

Tab  =0.96899(516  N) 

Tab  = 500  N 

From  (3): 

Tac  =0.88953(516  N) 

Tac  = 459  N 
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SOLUTION 

For  both  Problems  2.137  and  2.138: 


Free  Body  Diagrams  of  Collars: 


( AB )2  =x2  +y2  +z2 


Here 


or 


(0.525  m)2  = (.20  m )2+y2+z 
y2+z2  = 0.23563  m2 


Thus,  whyy  given,  z is  determined, 


Now 


*AB 


AB 

~AB 


1 


-(0.20i- yj  + zk)m 


0.525  m 

= 0.3  8095i  - 1 .90476yj  + 1 .90476zk 
Where  y and  z are  in  units  of  meters,  m. 

From  the  F.B.  Diagram  of  collar  A:  XF  = 0:  Nxi  + Nzk  + P\  + TabAab  = 0 

Setting  the  j coefficient  to  zero  gives:  P - (1 .9047 6y)TAB  = 0 

With 


Nx 


lab 

P = 341  N 
341  N 


lab 


Now,  from  the  free  body  diagram  of  collar  B : 
Setting  the  k coefficient  to  zero  gives: 

And  using  the  above  result  for  Tab  we  have 


1.90476;/ 

£F  = 0:  Nxi  + Ny j + Qk  - TAB  "kAB 
Q ~ Tab  (1  -90476z)  = 0 

Q = Tab2  = 


341 N (1.90476z)  = ^M 


(1.90476)^ 
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PROBLEM  2.137  (Continued) 

Then,  from  the  specifications  of  the  problem,  y = 155  mm  = 0.155  m 

and 

(a) 

or 

z2  =0.23563  m2 -(0.155  m)2 
z = 0.46  m 

T 341 N 

AB  0.155(1.90476) 

= 1 155.00  N 

TAB  =1-155  kN  ◄ 

and 

(b) 

341  N(0.46  m)(0.866) 

or 

(0.155  m) 

= (1012.00  N) 

0 = 1.012  kN  ◄ 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


149 


200  mm 


PROBLEM  2.138 

Solve  Problem  2.137  assuming  that  y - 275  mm. 

PROBLEM  2.137  Collars  A and  B are  connected  by  a 
525-mm-long  wire  and  can  slide  freely  on  frictionless 
rods.  If  a force  P = (341  N)j  is  applied  to  collar  A, 
determine  (a)  the  tension  in  the  wire  whenj  =155  mm, 
(b)  the  magnitude  of  the  force  Q required  to  maintain 
the  equilibrium  of  the  system. 


SOLUTION 

From  the  analysis  of  Problem  2.137,  particularly  the  results: 

/+z2  = 0.23563  m2 
341  N 

AB  1 .90476  v 
341  N 

Q = Z 

y 


With  y = 275  mm  = 0.275  m,  we  obtain: 


z2  =0.23563  m2  - (0.275  m)2 
z = 0.40  m 


and 

(a) 


341  N 

(1.90476)(0.275  m) 


651.00 


or  Tab  = 65 1 N ◄ 

and 


(b) 


or 


341  N(0.40  m) 

(0.275  m) 

Q = 496  N ◄ 
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CHAPTER  3 


PROBLEM  3.1 

A foot  valve  for  a pneumatic  system  is  hinged  at  B.  Knowing 
that  a-  28°,  determine  the  moment  of  the  16-N  force  about 
Point  B by  resolving  the  force  into  horizontal  and  vertical 
components. 
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PROBLEM  3.2 

A foot  valve  for  a pneumatic  system  is  hinged  at  B.  Knowing 
that  a-  28°,  determine  the  moment  of  the  16-N  force  about 
Point  B by  resolving  the  force  into  components  along  ABC  and 
in  a direction  perpendicular  to  ABC. 
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PROBLEM  3.4 

A 300-N  force  is  applied  at  A as  shown.  Determine  (a)  the 
moment  of  the  300-N  force  about  D,  ( b ) the  magnitude  and 
sense  of  the  horizontal  force  applied  at  C that  creates  the 
same  moment  about  D,  (c)  the  smallest  force  applied  at  C that 
creates  the  same  moment  about  D. 


SOLUTION 


(i a ) See  Problem  3.3  for  the  figure  and  analysis  leading  to  the  determination  of 

Md  = 41.7N-m')^ 


M— — ^ k 


( b ) Since  C is  horizontal  C = C i 


r = DC  = (0.2  m)i- (0.125  m)j 
=rxCi  = C(0.125  m)k 
41.7  N • m = (0.125  m)(C) 

C = 333.60  N 


C = 334  N ◄ 


(c) 


The  smallest  force  C must  be  perpendicular  to  DC;  thus,  it  forms  a with  the  vertical 


0.125  m 

tan  a = 

0.2  m 

a = 32.0° 

= C(DC);  DC  = ^(0.2  m)2  +(0.125  m)2 
= 0.23585  m 


41.70  N m = C(0.23585  m) 


C = 176.8  N ^158.0°  ◄ 
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SOLUTION 

By  definition 

MB  =rA/BP  sin6> 

where 

6 = a + (90°  - <f>) 

and 

(j)  = tan-1  8m'  =19.9831° 
22  in. 

also 

rA/B  =V(8  in.)2  + (22  in.)2 

= 23.409  in. 

Then 

250  lb  in  = (23.409  in.)(ll  lb) 

x sin(<*  + 90°  - 1 9.983  T 

or 

sin  (a + 70.0169°)  = 0.97088 

or 

<*  + 70.0169°  = 76.1391° 

and 

<*  + 70.0169°  = 103.861° 

a = 6.12°  33.8°  ◄ 
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PROBLEM  3.8 

It  is  known  that  a vertical  force  of  200  lb  is  required  to  remove  the  nail 
at  C from  the  board.  As  the  nail  first  starts  moving,  determine  ( a ) the 
moment  about  B of  the  force  exerted  on  the  nail,  ( b ) the  magnitude  of 
the  force  P that  creates  the  same  moment  about  B if  a- 10°,  (c)  the 
smallest  force  P that  creates  the  same  moment  about  B. 


4 in. 
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PROBLEM  3.9 

A winch  puller  AB  is  used  to  straighten  a fence  post.  Knowing  that  the  tension  in  cable  BC  is  1040  N and 
length  d is  1.90  m,  determine  the  moment  about  D of  the  force  exerted  by  the  cable  at  C by  resolving  that 
force  into  horizontal  and  vertical  components  applied  ( a ) at  Point  C,  ( b ) at  Point  E. 
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PROBLEM  3.10 

It  is  known  that  a force  with  a moment  of  960  N • m about  D is  required  to  straighten  the  fence  post  CD.  If 
d = 2.80  m,  determine  the  tension  that  must  be  developed  in  the  cable  of  winch  puller  AB  to  create  the 
required  moment  about  Point  D. 


SOLUTION 


c 


Slope  of  line 

^ 0.875  m 

2.80  m + 0.2  m ^ 

Then 

24 

Tabx  ~ — Tab 

and 

T ~—T 

1 ABy  ~ 25  AB 

We  have 

- Tabx  (y) + TABy  (x) 

24  7 

960N.m  = — 7^(0)  + — TAB 

Tab  = 1224  N or  TAB  = 1224  N ◄ 
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PROBLEM  3.11 

It  is  known  that  a force  with  a moment  of  960  N • m about  D is  required  to  straighten  the  fence  post  CD.  If  the 
capacity  of  winch  puller  AB  is  2400  N,  determine  the  minimum  value  of  distance  d to  create  the  specified 
moment  about  Point  D. 
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15.3  in. 


PROBLEM  3.12 

The  tailgate  of  a car  is  supported  by  the  hydraulic  lift  BC.  If  the 
lift  exerts  a 125-lb  force  directed  along  its  centerline  on  the  ball 
and  socket  at  B , determine  the  moment  of  the  force  about  A. 
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20,5  in. 


4,38  in. 

t 


7.62  in. 


17.2  in. 


PROBLEM  3.13 

The  tailgate  of  a car  is  supported  by  the  hydraulic  lift  BC.  If  the  lift 
exerts  a 125-lb  force  directed  along  its  centerline  on  the  ball  and 
socket  at  B , determine  the  moment  of  the  force  about  A. 
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PROBLEM  3.14 

A mechanic  uses  a piece  of  pipe  AB  as  a lever  when  tightening  an 
alternator  belt.  When  he  pushes  down  at  A,  a force  of  485  N is 
90  mm  exerted  on  the  alternator  at  B.  Determine  the  moment  of  that  force 
about  bolt  C if  its  line  of  action  passes  through  O. 

72  mm 


SOLUTION 


We  have  Mc  = rB/c  x F5 

Noting  the  direction  of  the  moment  of  each  force  component  about  C is 
clockwise. 


MC=xFBy  +yFBx 

Where  x = 120  mm  - 65  mm  = 55  mm 

y = 72  mm  + 90  mm  = 162  mm 


F 

65 

■(485  N)  = 325  N 

rBx 

I 

V(65)2  +(72)2 

F 

72 

-(485  N)  = 360  N 

r By 

V(65)2  + (72)2 

Mc 

= (55  mm)(360  N)  + (162X325  N) 

= 72450  N • mm 
= 72.450  N-m 


\ "Z.O*VI  o 


or  Mc  = 72.5  N - m J) 
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PROBLEM  3.15 


Form  the  vector  products  B x C and  B'  x C,  where  B - B\  and  use  the  results 
obtained  to  prove  the  identity 


sin  a cos  p = -^-sin  (a  + jfi) + -^- sin  (a  - /3). 


SOLUTION 

Note: 

B = B(  cos  /?  i + sin  (3  j) 

B'  = B( cos  /3  i - sin  [3  j) 

C = C(coscd  + sincif  j) 

By  definition: 

BxC  = BCsin(a-  P) 

(i) 

B'xC  = BCsin(a  + p) 

(2) 

Now 

B x C = B{ cos  p\  + sin  /?j)  x C( cos  ai  + sin  a j) 

= BC( cos  Psina-  sin  p cos  a) k 

(3) 

and 

B xC  = i?(cos  pi -sin  P\)xC(cos  rn  + sin  a j) 

= 5C(cos  p sin  a + sin  p cos  a)  k 

(4) 

Equating  the  magnitudes  of  BxC  from  Equations  (1)  and  (3)  yields: 

BC  sin(a  - p)  — BC( cos  /?sin  a - sin  jt 3 cos  a) 

(5) 

Similarly,  equating  the  magnitudes  of  B xC  from  Equations  (2)  and  (4)  yields: 

BC  sin  (a  + (3)  = BC(  cos  /?sin  a + sin  /?  cos  a) 

Adding  Equations  (5)  and  (6)  gives: 

sin(a  - jB)  + sin(6if  + jB)  = 2 cos  y 3 sin  a 

(6) 

or  sin  a cos  P = ^sin(a  + P)  + ^sin(a- 

■fi)  < 
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PROBLEM  3.16 

A line  passes  through  the  Points  (20  m,  16  m)  and  (-1  m,  -4  m).  Determine  the  perpendicular  distance  d from 
the  line  to  the  origin  O of  the  system  of  coordinates. 


SOLUTION 


dAB  = \j[20  m - (-1  m)]2  + [1 6 m - (-4  m)]2 
= 29  m 

Assume  that  a force  F,  or  magnitude  F( N),  acts  at  Points  and  is 
directed  fromv4  to  B. 


Then, 

cq 

II 

Where 

1 rB  -rA 

^ AB  ~ , 

61  AB 

=— (21i  + 20j) 

29 

By  definition 

o 

II 

X 

II 

& 

Where 

r,=~(\  m)i  - (4  m)j 

Then 

M0  = [— (— 1 m)i - (4  m)j]x— ^ — 

29  m 

= ^[-(20)k  + (84)k] 

(64  \ 

= — F k Nm 

\29  J 

Finally 

i^FhiF) 

29 


[(21  m)i  + (20  m)j] 


d = 2.21m  ◄ 
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PROBLEM  3.17 

The  vectors  P and  Q are  two  adjacent  sides  of  a parallelogram.  Determine  the  area  of  the  parallelogram  when 
(a)  P = — 7i  + 3j  - 3k  and  Q = 2i  + 2j  + 5k,  (b)  P = 6i  - 5j  - 2k  and  Q = — 2i  + 5j  — k. 


SOLUTION 

(a)  We  have 
where 


Then 


(. b ) We  have 

where 


Then 


^ = |PxQ| 

P = -7i  + 3j  - 3k 
Q = 2i  + 2 j + 5k 

1 j k 

P x Q = -7  3 -3 

2 2 5 

= [(15  + 6)i  + (-6  + 35)  j + (-14  - 6)k] 
= (21)i  + (29)j(-20)k 

A = f( 20)2  +(29)2  +(-20)2 
A = |PxQ| 
p = 6i  -5j  -2k 
Q = -2i  + 5in.j-lk 

i j k 

PxQ  = 6 -5  -2 

-2  5 -1 

= [(5  + 10)i  + (4  + 6)j  + (30  - 10)k] 

= (1 5)i  + (1 0)  j + (20)k 


or 


A = 41.0  ◄ 


: V (1 5)2  + (1 0)2  + (20)2 


or 


A = 26.9  ◄ 
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PROBLEM  3.18 

A plane  contains  the  vectors  A and  B.  Determine  the  unit  vector  normal  to  the  plane  when  A and  B are  equal 
to,  respectively,  {a)  i + 2j  - 5k  and  4i  — 7 j — 5k,  (b)  3i  - 3j  + 2k  and  -2i  + 6 j - 4k. 


SOLUTION 

(a)  We  have 
where 

Then 


and 


(b)  We  have 
where 

Then 


and 


A: 

B 

AxB 


AxB 

|AxB| 

= li  + 2 j - 5k 
4i-7j-5k 

i j k 

1 +2  -5 

4 -7  -5 

(-10  - 35)i  + (20  + 5)j  + (-7  - 8)k 
1 5(3i  — 1 j — lk) 


|AXB|  : 
l: 

1 = 

A: 

B 

AxB  = 


= 15^/(-3)2  +(-l)2  +(-l)2  =i5vn 
15(— 3i  — 1 j — lk) 

15VTT 

AxB 

|AxB| 

= 3i-3j  + 2k 
= -2i  + 6 j - 4k 

i j k 

3-3  2 

-2  6-4 

(12  — 1 2)i  + ( — 4 + 1 2)  j + (18  — 6)k 
(8j  + 12k) 


or  k = -^=(-3i- j-k)  ◄ 


|AxB|: 

l- 


= 4^/(2)2  +(3)2  =4Vl3 

. 4(2j  + 3k) 

4\/\3 


or  k = —j=( 2j  + 3k)  4 
V13 
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PROBLEM  3.19 

Determine  the  moment  about  the  origin  O of  the  force  F = 4i  + 5j  - 3k  that  acts  at  a Points.  Assume  that  the 
position  vector  of  A is  ( a ) r = 2i  - 3j  + 4k,  ( b ) r = 2i  + 2.5j  - 1 .5k,  (c)  r = 2i  + 5j  + 6k. 


SOLUTION 


(a) 


M, 


k 

4 

-3 


= (9  - 20)i  + (16  + 6)j  + (10  + 12)k 


M0  =-lli  + 22j  + 22k  ◄ 


(b) 


M0  = 


1 j k 

2 2.5  -1.5 

4 5-3 


= (-7.5  + 7.5)i  + (-6  + 6)  j + (1 0 - 1 0)k 


Mo=0  ◄ 


(c) 


M0  = 


1 J 

2 5 
4 5 


k 

6 

-3 


= (-1 5 - 30)i  + (24  + 6)  j + (10-  20)k 


M0  = — 45i  + 30j  - 10k  ◄ 


Note:  The  answer  to  Part  b could  have  been  anticipated  since  the  elements  of  the  last  two  rows  of  the 
determinant  are  proportional. 
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Ill 


SOLUTION 

We  have 
where 


Then 


M.-l  — rCM  X 


■ a a 


■ (0.06  m)i  + (0.075  m)j 
: -(200  N)  cos  30°j  + (200  N) sin  30°k 


= 200 


i j k 

0.06  0.075  0 

0 -cos 30°  sin  30° 

200 [(0.075  sin  30°)i  - (0.06 sin  30°) j - (0.06  cos  30°)k] 


or  =(7.50  N-m)i- (6.00  N-m)j- (10.39  N-m)k  ◄ 
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SOLUTION 

We  have 
where 


and 


(4.25  m)i  - (7  m)j  + (1  m)k  ^ 
V(4-25)2  + (7)2  + (l)2  m 


Fb  = [-(45.00  N)i  - (420.0  N)  j + (360.0  N)k] 
+[(340.0  N)i  - (560.0  N)j  + (80.00  N)k] 
= (295.0  N)i  - (980.0  N)j  + (440.0  N)k 


M0  = 


i j k 

0 7 0 

295  980  440 


N-m 


= (3080  N • m)i  - (2070  N • m)k  or  M0  = (3080  N • m)i  - (2070  N m)k  ◄ 
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PROBLEM  3.23 

The  6-m  boom  AB  has  a fixed  end  A.  A steel  cable  is  stretched  from 
the  free  end  B of  the  boom  to  a Point  C located  on  the  vertical  wall. 
If  the  tension  in  the  cable  is  2.5  kN,  determine  the  moment  about  A of 
the  force  exerted  by  the  cable  at  B. 


SOLUTION 

First  note 

dBC  = f-6)2+(2A)2+(-4)2 

= 7.6  m 

Then 

2.5  kN  / „ ...  ..  x 

tbc=  ,,  (-6i  + 2.4j-4k) 

7.6 

We  have 

= rB/A  X 

where 

rB/A  = (6  m)l 

Then 

= (6  m)i  x — ^ (~6i  + 2.4 j - 4k) 

7.6 

or  = (7.89  kN  • m)j  + (4.74  kN  • m)k  ◄ 
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PROBLEM  3.24 


A wooden  board  AB , which  is  used  as  a temporary  prop  to  support 
a small  roof,  exerts  at  Point  A of  the  roof  a 57-lb  force  directed 
along  BA.  Determine  the  moment  about  C of  that  force. 


SOLUTION 

We  have 

where 

and 


Me  - r A! C X ^ BA 


lA/C 


- (48  in.)i  - (6  in.)j  + (36  in.)k 


^BA  - ^ BA  BA 


-(5  in.)i  + (90  in.)j  - (30  in.)k 
V(5)2  +(90)2  +(30)2in. 

= -(3  lb)i  + (54  lb)  j - (1 8 lb)k 


(57  lb) 


M, 


i j k 

48  6 36 

3 54  18 


lb  in. 


= -(1 836  lb  • in.)i  + (756  lb  • in.)  j + (2574  lb  • in.) 

or  Mc  = -(153.0  lb  • ft)i  + (63.0  lb  ft)j  + (215  lb  ft)k  ◄ 
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SOLUTION 

(a)  We  have 
where 


(b)  We  have 
where 


: VE/A  X ^DE 


lE/A 


--  (2.3  m)j 


lDE  ~ DE±DE 

(0.6  m)i  + (3.3  m)j  - (3  m)k 


(810  N) 


= 


Nm 


M 7 


7(0.6)2+(3.3)2+(3)2m 
(108  N)i  + (594  N)j  - (540  N)k 
i j k 
0 2.3  0 

108  594  -540 
= -(1242  N • m)i  - (248.4  N • m)k 

or  = -(1242  N • m)i  - (248  N • m)k  ◄ 

: VG/A  X T CG 

-{2.1  m)i  + (2.3m)j 


lG/A 

TcG  = ^CG^CG 


-(.6  m)i  + (3.3  m)j  - (3  m)k 


(810  N) 


= 


V(.6)2+(3.3)2+(3)2m 
-(108  N)i  + (594  N)j  - (540  N)k 
i j k 
2.7  2.3  0 N-m 

-108  594  -540 

-(1242  N • m)i  + (1458  N • m) j + (1 852  N • m)k 


or  =-(1242  N-m)i  + (1458  N-m)j  + (1852  N-m)k  ◄ 
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SOLUTION 

We  have 
where 

and 

Thus 

Also 

Using  Eq.  (3.21): 


R.4  — 2F.4A  + 

Fab  =-(82  lb)j 


1 AD 


1 AD 


AD 

AD 


^ad  — = (82  lb) 


6i-7.75j-3k 


10.25 

= (48  lb)i  - (62  lb)  j - (24  lb)k 


= 2F ab  + Fad  = (48  lb)i  - (226  lb)  j - (24  lb)k 


rA/C  = (7.75  ft) j + (3  ft)k 


M 


i j k 

= 0 7.75  3 

48  -226  -24 

= (492  lb  • ft)i  + (144  lb  • ft)j  - (372  lb  • ft)k 


Mc  = (492  lb  • ft)i  + (144.0  lb  • ft)  j - (372  lb  • ft)k  ◄ 
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SOLUTION 

We  have 
where 
Now 
and 


and 


or 


IM, 


: Tba^ 


d = perpendicular  distance  from  O to  line  AB. 


1 BIO 


: VB/0  X T&4 


: (7  m)  j 


^BA  ~ ^BA^AB 


-(0.75  m)i  - (7  m)j  + (6  m)k 


M0  = 


7 (0.75)2  + (7)2  + (6)2  m 
= -(45.0  N)i  - (420  N)j  + (360  N)k 
i j k 
0 7 0 Nm 

-45  -420  360 


(555  N) 


= (2520.0  N • m)i  + (3 15.00  N • m)k 


|Mo|  = 7(2520.0)2  +(315.00)2 
= 2539.6  Nm 
2539.6  N • m = (555  N)<7 

d = 4.5759  m or  d = 4.58  m A 
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SOLUTION 

We  have 
where 


and 


IM, 


: Tbc^ 


d = perpendicular  distance  from  O to  line  BC. 


: VB/0  X ^BC 


- 7 mj 


lBIO 
^ BC  = ^BC^BC 


(4.25  m)i  - (7  m)j  + (l  m)k 


M0  = 


V(4-25)2  +(7)2  +(l)2m 
(340  N)i  - (560  N)j  + (80  N)k 
i j k 
0 7 0 

340  -560  80 

(560  N-m)i- (2380  N m)k 


(660  N) 


IM, 


■ ^/(560)2  + (2380)2 


= 2445.0  N-m 

2445.0  N • m = (660  N)J 
d = 3.7045  m 


or 


d = 3.70  m ^ 
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PROBLEM  3.29 


In  Problem  3.24,  determine  the  perpendicular  distance  from  Point  D 
to  a line  drawn  through  Points  A and  B. 

PROBLEM  3.24  A wooden  board  AB,  which  is  used  as  a temporary 
prop  to  support  a small  roof,  exerts  at  Point  A of  the  roof  a 57-lb 
force  directed  along  BA.  Determine  the  moment  about  C of  that 
force. 


SOLUTION 


We  have 
where 


and 


|Mr 


: Fba^ 


d = perpendicular  distance  from  D to  line  AB. 


“ VA/D  X ^BA 


■ A/D  = -(6  in-)j  + (36  in.)k 

(-(5  in.)i  + (90  in.)j  - (30  in.)k) 


^BA  ~ ^BA^BA 


V(5)2  +(90)2  +(30)2in. 
-(3  lb)i  + (54  lb)  j - (1 8 lb)k 


(57  lb) 


M, 


i j k 

0 -6  36  lb  in. 

-3  54  -18 

= -(1836.00  lb  • in.)i  - (108.000  lb  • in.)j  - (18.0000  lb  • in.)k 

|Mb  | = V(1836.00)2  + (108.000)2  +(18.0000)2 
= 1839.26  lb  in. 

1839.26  lb- in  = (57  \b)d 
d = 32.268  in. 


or  d = 32.3  in.  4 
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PROBLEM  3.30 


In  Problem  3.24,  determine  the  perpendicular  distance  from  Point  C to  a 
line  drawn  through  Points  A and  B. 

PROBLEM  3.24  A wooden  board  AB , which  is  used  as  a temporary 
prop  to  support  a small  roof,  exerts  at  Point  A of  the  roof  a 57-lb  force 
directed  along  BA.  Determine  the  moment  about  C of  that  force. 
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PROBLEM  3.31 

In  Problem  3.25,  determine  the  perpendicular  distance  from 
Point  A to  portion  DE  of  cable  DEF. 

PROBLEM  3.25  The  ramp  ABCD  is  supported  by  cables  at 
comers  C and  D.  The  tension  in  each  of  the  cables  is  810  N. 
Determine  the  moment  about  A of  the  force  exerted  by  (a)  the 
cable  at  D , ( b ) the  cable  at  C. 


SOLUTION 

We  have 
where 


IM, 


: Tde^ 


d = perpendicular  distance  fromv4  to  line  DE. 


~ XE/A  X TDE 


■■  (2.3  m) j 


1 E/ A 

T DE  ~ ^DE^DE 


(0.6  m)i  + (3.3  m)j  - (3  m)k 


(810  N) 


M 


^/(0.6)2+(3.3)2+(3)2m 
= (108  N)i  + (594  N)j  - (540  N)k 
i j k 
0 2.3  0 Nm 

108  594  540 
= -(1242.00  N • m)i  - (248.00  N • m)k 


and  \Ma\  = -y/ (1242.00)2  + (248.00)2 

= 1266.52  N m 
1266.52  N-m  = (810  N)rf 

d = 1.56360  m or  d = 1.564  m <4 
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PROBLEM  3.32 

In  Problem  3.25,  determine  the  perpendicular  distance  from 
Point  A to  a line  drawn  through  Points  C and  G. 

PROBLEM  3.25  The  ramp  ABCD  is  supported  by  cables  at 
comers  C and  D.  The  tension  in  each  of  the  cables  is  810  N. 
Determine  the  moment  about  A of  the  force  exerted  by  ( a ) the 
cable  at  D , ( b ) the  cable  at  C. 


SOLUTION 

We  have 
where 


and 


— TCGd 

d = perpendicular  distance  from  A to  line  CG. 


M/i  - yG/A  x Tcg 


g/a  = (2-7  m)i  + (2.3  m)j 

-(0.6m)i  + (3.3  m)j-(3  m)k 


Tcg  - ^cg^cg 


(810  N) 


M 


V(0.6)2+(3.3)2  + (3)2m 
= -(1 08  N)  i + (594  N)  j - (540  N)  k 
i j k 
2.7  2.3  0 Nm 

-108  594  -540 
= -(1242.00  N • m)i  + (1458.00  N • m)j  +(1852.00  N • m)k 

|M^|  = 7(1242.00)2  +(1458.00)2  +(1852.00)2 
= 2664.3  Nm 
2664.3  N-m  = (810  N)rf 
d = 3.2893  m 


or  d = 3.29  m 4 
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PROBLEM  3.33 

In  Problem  3.26,  determine  the  perpendicular  distance  from 
Point  C to  portion  AD  of  the  line  ABAD. 

PROBLEM  3.26  A small  boat  hangs  from  two  davits,  one  of 
which  is  shown  in  the  figure.  The  tension  in  line  ABAD  is 
82  lb.  Determine  the  moment  about  C of  the  resultant  force 
exerted  on  the  davit  at  A. 


SOLUTION 

First  compute  the  moment  about  C of  the  force  F DA  exerted  by  the  line  on  D: 

From  Problem  3.26:  FDA  = - FAD 

= -(48  lb)i  + (62  lb) j + (24  lb)k 

Mc  = Ifl/C  XF DA 

= +(6  ft)ix[-(48  lb)i  + (62  lb)j  + (24  lb)k] 
= -(144  lb  • ft)j  + (372  lb  • ft)k 

Mc  = a/(144)2  + (372)2 
= 398.90  lb  ■ ft 

Then  Mc  = F DAd 

Since  FDA  = 82  lb 

Fda 

_ 398.90  lb  ft 
82  1b 


d = 4.86  ft  ◄ 
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PROBLEM  3.34 

Determine  the  value  of  a that  minimizes  the 
perpendicular  distance  from  Point  C to  a section 
of  pipeline  that  passes  through  Points  A and  B. 
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PROBLEM  3.35 

Given  the  vectors  P = 3i  - j + 2k,  Q = 4i  + 5 j - 3k,  and  S = -2i  + 3 j - k,  compute  the  scalar  products  P ■ Q, 
P • S,  and  Q • S. 


SOLUTION 

P Q = (3i  - 1 j + 2k)  • (4i  - 5 j - 3k) 

= (3)(4)  + (-l)(-5)  + (2)(— 3) 

= 1 

or  P Q = 1 ◄ 

P • S = (3i  - 1 j + 2k)  • (— 2i  + 3j  - lk) 

= (3)(— 2)  + (-1)(3)  + (2)(— 1) 

= -11 

or  PS  = -11  ◄ 

Q • S = (4i  - 5 j - 3k)  • (-2i  + 3 j - lk) 

= (4)(— 2)  + (5)(3)  + (— 3)(— 1) 

= 10 

or  Q S = 10  ◄ 
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PROBLEM  3.36 

Form  the  scalar  products  B • C and  B'  • C,  where  B = B\  and  use  the 
results  obtained  to  prove  the  identity 

cos  a cos  /?  cos(a  + /?)  + — cos  (a-  J3). 


SOLUTION 


By  definition  B • C = BC  cos(a  - /?) 

where  B = B [(cos  /?) i + (sin  /?) j] 

C = C[(cos  a) i + (sin  a)  j] 

(B  cos  f3)(C  cos  a)  + (B  sin  /?)(C  sin  a)  = BC  cos  (a  - /?) 

or  cos/? cos  or  + sin/? sin  a = cos(a-{3)  (1) 

By  definition  B'  • C = BC  cos  ( a + /?) 

where  B'  = [(cos  /3) i - (sin  /?)  j] 

(B  cos  /?)  (C  cos  a)  + ( -B  sin  /?)(C  sin  a)  = BC  cos  ( a + ft) 

or  cos  /?  cos  a - sin  /?  sin  a = cos  (a  + /?)  (2) 

Adding  Equations  (1)  and  (2), 

2 cos  /?  cos  a = cos  (a- J3)  + cos  (a  + /?) 


or  cos acosy5  = ^-cos(a  + y5)  + ^-cos(a-yff)  ^ 
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SOLUTION 

First  note 

AB  = f-6.5)2  + (-8)2  + (2)2  = 10.5  ft 

AC  = fo)2  + (-8)2  + (6)2  = 10  ft 

and 

AB  = -(6.5  ft)i  - (8  ft)j  + (2  ft)k 
~AC  = -(8  ft)j  + (6  ft)k 

By  definition 

AB  - AC  = (AB)(AC) cos 0 

or 

(— 6.5i  - 8j  + 2k)  • (— 8j  + 6k)  = (10.5)(1 0)cos<9 
(-6.5)(0)  + (-8)(-8)  + (2)(6)  = 105  cos  6 

or 

cos  <9  = 0.72381 

or  (9  = 43.6°  ◄ 
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SOLUTION 

First  note 


and 


By  definition 
or 


or 


^C  = >)2+(-8)2+(6)2 

= 10  ft 

AD  = f(  4)2+(-8)2+(l)2 
= 9 ft 

AC  = -(8  ft)j  + (6  ft)k 
AD  = (4  ft) j - (8  ft) j + (1  ft)k 

AC  AD  = (AC)(AD) cos 0 

(-8  j + 6k)  • (4i  - 8 j + k)  = (1 0)(9)  cos  0 
(0X4)  + (— 8)(— 8)  + (6)(1)  = 90  cos  0 
cos  0 = 0.777  78 


or  0 = 38.9°  ◄ 
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PROBLEM  3.41 

Knowing  that  the  tension  in  cable  AC  is  1260  N,  determine 
(a)  the  angle  between  cable  AC  and  the  boom  AB , ( b ) the 
projection  on  AB  of  the  force  exerted  by  cable  AC  at  Point  A. 


SOLUTION 

{a)  First  note 

AC  = f-2.4)2  + (0.8)2  + (1.2)2 
= 2.8  m 

AB  = f-2.4)2  + (-1.8)2  + (0)2 
= 3.0  m 

and 

AC  = -(2.4  m)i  + (0.8  m)j  + (1 .2  m)k 

AB  = -(2.4  m)i-(1.8  m)j 

By  definition 

AC  ■ AB  = (AC)(AB)  cos  6 

or 

(— 2.4i  + 0.8j  + 1 ,2k)  • (-2.4i  — 1.8j)  = (2.8)(30)  x cos  6 

or 

(-2.4)(-2.4)  + (0.8)(-l  .8)  + (1 .2X0)  = 8.4cos  6 

or 

cos  6 = 0.5 14  29 

or  6>  = 59.0°  ◄ 

(b)  We  have 

(Tac)aB  = TAC  ' ^AB 

= Tac  cos  6 
= (1260  N)(0.51429) 

or  (Tac)ab  = 648  N ◄ 
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PROBLEM  3.42 

Knowing  that  the  tension  in  cable  AD  is  405  N,  determine  (a)  the 
angle  between  cable  AD  and  the  boom  AB , ( b ) the  projection  on 
AB  of  the  force  exerted  by  cable  AD  at  Point  A. 


SOLUTION 

(a) 

First  note 

AD  = V(-2.4)2  + (1.2)2  + (-2.4)2 

= 3.6  m 

AB  = f-2.4)2  + (-1.8)2  + (0)2 

= 3.0  m 

and 

AD  = -(2.4  m)i  + (1 .2  m) j - (2.4  m)k 

AB  = -(2.4  m)i-(1.8m)j 

By  definition, 

AVAB  = (AD)(AB)cos0 

(-2.4i  + 1 .2 j - 2.4k)  • (-2.4i  - 1 .8 j)  = (3 .6)(3 .0)  cos  6 
(-2.4)(-2.4)  + (1.2)(-1.8)  + (-2.4)(0)  = 10.8  cos  6 

cos  6 - — 

3 

6 = 70.5°  ◄ 

(b) 

(Tad  )ab  = XtD  ' ^ab 

= T AD  COS  6 

= <405N>(T| 

(TAd)ab  =135.0  N ◄ 
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PROBLEM  3.43 

Slider  P can  move  along  rod  OA.  An  elastic  cord  PC  is 
attached  to  the  slider  and  to  the  vertical  member  BC.  Knowing 
that  the  distance  from  O to  P is  6 in.  and  that  the  tension  in  the 
cord  is  3 lb,  determine  ( a ) the  angle  between  the  elastic  cord 
and  the  rod  OA,  ( b ) the  projection  on  OA  of  the  force  exerted 
by  cord  PC  at  Point  P. 


SOLUTION 

First  note 

OA  = fl2)2  + (12)2  + (-6)2  = 18  in. 

Then 

OA  1 

^ = 04=T8(12i  + 12j_6k) 

= ~(2i  + 2j-k) 

Now 

OP  = 6 in.  =>  OP  = -j(OA) 

The  coordinates  of  Point  P are  (4  in.,  4 in.,  -2  in.) 

so  that 

PC  = (5  in.)i  + (1 1 in.)j  + (14  in.)k 

and 

PC  = V(5)2  + (1 1)2  + (14)2  = V342  in. 

(a)  We  have 

PC-XOA  = (PC)  cos  0 

or 

or 

(5i  + 1 lj  + 14k)  ■ t-(2i  + 2j  - k)  = V342  cos<9 

cos  6 = wk[(5)(2) + (1 1)(2) + (14)H)] 

= 0.32444 

or  6 = 71.1°  ◄ 

(b)  We  have 

(TPC)OA  -T pc  ’^oa 

- (Tpch'Pc)  ' ^OA 

T PC  1 

~lpc  pC  ' koa 

- TPC  cos  6 

= (3  lb)(0.32444) 

or  (Tpc)oa  =0-973  lb  ◄ 
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PROBLEM  3.44 

Slider  P can  move  along  rod  OA.  An  elastic  cord  PC  is 
attached  to  the  slider  and  to  the  vertical  member  BC. 
Determine  the  distance  from  O to  P for  which  cord  PC  and 
rod  OA  are  perpendicular. 


SOLUTION 

First  note 
Then 


OA  = 7(1 2)2  +(12)2  +(-6)2  = 18  in. 
OA  1 

XOA  = — =— (12i  + 12j-6k) 

“ Oi  18 

1 


= -(2i  + 2j-k) 

Let  the  coordinates  of  Point  P be  (x  in.,  y in.,  z in.).  Then 

PC  = [(9  - x)in.]i  + (15  - y)  in.]j  + [(12  - z)in.]k 

dn 


Also, 

and 


OP  = dOP\OA  = — 2^-(2i  + 2j  -k) 


OP  = (x  in.)i  + (y  in.) j + (z  in.)k 

2 2 1 
x=~dop  y=~dop  z~ 


4 op 


The  requirement  that  OA  and  PC  be  perpendicular  implies  that 

Ka-pc= 0 


or 


or 


~(2j  + 2j  — k)  • [(9  - x)i  + (15  — y)\  + (12  - z)k]  = 0 


(2)  9 --dop  +(2)  15 -~d0P  +(-l) 


12- 


-~d, 


OP 


or  d0P  =12.00  in.  -4 
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PROBLEM  3.46 

Given  the  vectors  P = 4i  - 2j  + 3k, Q = 2i  + 4j  - 5k,  and  S = Sxi  - j + 2k,  determine  the  value  of  Sx  for  which 
the  three  vectors  are  coplanar. 


SOLUTION 


If  P,  Q,  and  S are  coplanar,  then  P must  be  perpendicular  to  (Qx  S). 

P • (Q  x S)  = 0 

(or,  the  volume  of  a parallelepiped  defined  by  P,  Q,  and  S is  zero). 


Then 


-2 

4 

-1 


3 

-5 

2 


= 0 


or 


32  + 105, -6-20  + 8-125,  =0 


Sx=l  ◄ 
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PROBLEM  3.47 

The  0.61xl.00-m  lid  ABCD  of  a storage  bin  is  hinged 
along  side  AB  and  is  held  open  by  looping  cord  DEC  over  a 
frictionless  hook  at  E.  If  the  tension  in  the  cord  is  66  N, 
determine  the  moment  about  each  of  the  coordinate  axes  of 
the  force  exerted  by  the  cord  at  D. 
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SOLUTION 

First  note 

Now 

where 


Then 


Thus 


Then  forming  the  ratio 


BA  = (2.2  m)i-(3.2  m)j  - (om)k 


M-Z)  - *a/D  X ^ BA 


ya/d=( 22  m)i  + (1.6  m)j 


TiM=-^L(2.2i-3.2j-flk)  (N) 


Mr 


LBA 


-'BA 


i j k 

2.2  1.6  0 

2.2  -3.2  -a 


- {-1 .6a  i + 2.2a  j + [(2.2)(-3.2)  - (1 ,6)(2.2)]k} 


4 BA 


M = 2.2— ^-a  (Nm) 


M, 


-10.56-^L  (N  m) 

^BA 


My_ 

M. 


120  N m 2.2^  (N-m) 


-460  N m -10.56^- (N  m) 


or  a = 1.252  m A 
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SOLUTION 


First  note 


and 

Now 

where 

Then 


dBA=f(  2.2)2+(-3.2)2+(-a)2 
= Vl5.08  + a2  m 
195  N 

TA4=— — (2.2i-3.2j-ak) 

“ba 

= j ' (r4£>  X T BA  ) 

r^/o  =(2-2m)i  + (L6m)j 


195 

d BA 

195 

d BA 


0 1 0 
2.2  1.6  0 
2.2  -3.2  -a 

(2.2  a)  (N-m) 


Substituting  for  My  and  dBA 


132  N • m = (2.2a) 

V15.08  + a2 

or  0.30769^1 5.08  + a2  =a 

Squaring  both  sides  of  the  equation 


0.094675(15.08  + a2)  = a2 


or  a = 1.256  m A 
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SOLUTION 

First  note 

Also  note  that  only  TAD  will  contribute  to  the  moment  about  the  z axis. 


- 2Tab  + T AD 


Now 

Then, 

Now 

where 

Then  for  T 


AD  = fff  + (-7.75)2  + (-3) 2 
= 10.25  ft 


lAD 


,AD 
AD 
T 


(6i  — 7.75j  — 3k) 


10.25 

Mz  = k • (rA/c  x Tad  ) 


' A/C 


219: 


■■(1.15  ft) j + (3  ft)k 

0 0 
0 7.75 

6 -7.75 


10.25 


10.25 


|-(1X7.75)C6)| 


or  Tmm=  61.5  1b  ◄ 
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SOLUTION 

From  the  solution  of  Problem  3.51,  TAD  is  now 


Vad=T 


AD 

AD 


60  1b 


Vx2+(-7.75)2+(-3): 


r(xi-7.75j-3k) 


Then  M:  = k • (rA/c  x TAD ) becomes 


279  = 


279  = 


60 


Vx2+(-7.75)2+(-3) 
60 


0 0 1 
0 7.75  3 

x -7.75  -3 


v: 


x2  +69.0625 


-(l)(7.75)(x)| 


279V*2  + 69.0625  = 465x 
0.6V*2  + 69.0625  = x 

Squaring  both  sides:  0.36x2  + 24.8625  = x2 

x2  =38.848 


; = 6.23  ft  ◄ 
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PROBLEM  3.53 

To  loosen  a frozen  valve,  a force  F of  magnitude  70  lb  is 
applied  to  the  handle  of  the  valve.  Knowing  that  6 - 25°, 
Mx  - -6 1 lb  ■ ft,  and  Mz  = -43  lb  • ft,  determine  0 and  d. 


SOLUTION 

We  have 
where 


For 


and 


From  Equation  (3) 
From  Equation  (1) 


EM 


O' 


XAIO  X F - 


XAIO=- 

F = 

F - 
F = ( 


M0  = 


-(4  in.)i  + (11  in.)  j - (d)  k 
F(cos  0cos  0i  - sin  0\  + cos  0 sin  0k) 

70  1b,  6 = 25° 

(70  lb)[(0.9063 1 cos  0) i - 0.42262 j + (0.9063 1 sin  0)k] 

' j k 

(70  lb)  -4  11  -d  in. 

-0.9063 1 cos  <p  -0.42262  0.9063 1 sin  <p 
(70  lb)[(9.9694  sin  (p-  0.42262 d)i  + (-0.9063  Id  cos  ^ + 3.6252  sin  ^)j 
+ (1 .69048  - 9.9694  cos  (Z>)k]  in. 

(70  lb)(9.9694sin  (j)  - 0.42262J)in.  = -(61  lb  • ft)(12  in./ft)  (1) 

(70  lb)(-0.9063  Id  cos  (/>  + 3 .6252  sin  (/>)  in.  (2) 

Mz  = (70  lb)(l. 69048  - 9.9694cos  (/>)  in.  = -43  lb  • ft(12  in./ft)  (3) 


M, 


M. 


_j  | 634.33  . 

= cos  1 = 24.636 


T 1022.90 
\ 29.583  , 


697.86  ^ 

34.577  in. 


or  0 = 24.6°  A 
or  d = 34.6  in.  A 
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SOLUTION 

We  have 
Where 


and 


Now,  Equation  (1) 


and  Equation  (3) 


EM, 


rAio  x F - M0 


rA/o  = “(4  in-)i  + C1 1 in-)  j - (27  in.)k 

F = F(cos  0 cos  0i  - sin  6]  + cos  6 sin  0k) 


M 0=F 


i j k 

-4  11  -27  lb  in. 

cos  6 cos  0 - sin  6 cos  6 sin  0 
= F [(1 1 cos  0 sin  0 - 27  sin  0) i 
+ (-27  cos  0 cos  0 + 4 cos  6 sin  0)  j 
+ (4 sin  6 - 1 1 cos  0 cos  0)k](lb  • in.) 

Mx  = F(  1 1 cos  0 sin  0 - 27  sin  #)(lb  • in.) 

My  = F(-21  cos  0 cos  0 + 4 cos  0 sin  0)  (lb  • in.) 
Mz  = F( 4 sin  0 - 1 1 cos  6 cos  0)  (lb  • in.) 


cos  #sin  0 = — 
11 


Mv 


+ 27  sin  6 


cos  #cos  0 = - 


11 


4sin  0- 


Substituting  Equations  (4)  and  (5)  into  Equation  (2), 


a) 

(2) 

(3) 

(4) 

(5) 


My=F 


-27 


11 


4sin#- 


M, 


+ 4 


11 


Mv 


+ 27  sin  0 


or 


My=-(21MZ+4MX) 
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PROBLEM  3.54  (Continued) 


Noting  that  the  ratios  y and  are  the  ratios  of  lengths,  have 

Mv  =—(-81  lb- ft)  +—(-77  lb • ft) 

J 11  11 

= 226.82  lb  ft  or  My  =-227  lb- ft  ◄ 
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y 

0.35  m 


0.925  in 


0.5  in 


0.5  m 


PROBLEM  3.55 

The  frame  ACD  is  hinged  at  A and  D and  is  supported  by  a 
cable  that  passes  through  a ring  at  B and  is  attached  to  hooks 
at  G and  H.  Knowing  that  the  tension  in  the  cable  is  450  N, 
determine  the  moment  about  the  diagonal  AD  of  the  force 
exerted  on  the  frame  by  portion  BH  of  the  cable. 


SOLUTION 


Mad  ~ ^ ad  ' (yb/a  x Tg//) 

Where  XAD  = -^  (4i  - 3k) 

rB/A  = (°*5  m)l 

and  dBH  = fo375)2  +(0.75)2  +(-0.75)2 

= 1.125  m 
450  N 

Then  TBH  = -j-^-(0.375i  + 0.75  j - 0.75k) 

= (1 50  N)i  + (300  N) j - (300  N)k 

4 0-3 

0.5  0 0 

150  300  -300 

[(-3X0.5X300)] 

or  Mad  = -90.0  N-m  A 


Finally 


MtD=- 
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PROBLEM  3.56 

In  Problem  3.55,  determine  the  moment  about  the  diagonal  AD 
of  the  force  exerted  on  the  frame  by  portion  BG  of  the  cable. 


SOLUTION 


Where 


and 


Then 


Finally 


Mad  ~ ^ ad  ' (yb/a  x Tbg  ) 

^ad  =y(4i-3k) 

rBIA  = (°-5  m)j 

BG  = V(-0.5)2  + (0.925)2  + (-0.4)2 
= 1.125  m 
450  N 

T bg  = (-0.51  + 0.925j  - 0.4k) 

1.125 

= -(200  N)i  + (370  N) j - (1 60  N)k 

4 0-3 

0.5  0 0 

-200  370  -160 

= I[(-3)(0.5)(370)]  Mad  = -1 1 1 .0  N • m ◄ 
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SOLUTION 

First  note 

dAE  = V(0.9)2  + (-0.6)2  + (0.2)2  = 1 . 1 m 

Then 

Tie  = ~~Y~(0-9i  - 0.6j  + 0.2k) 

= 5[(9  N)i  - (6  N) j + (2  N)k] 

Also 

DB  = 7(1.2) 

2 +(-0.35)2  +(0)2 

= 1.25  m 

Then 

DB 

DB  DB 

= 1 (1.21  0.35  j) 
1.25 

=— (24i  - 7 j) 

25 

Now 

MdB  = ^DB  ' (rA/D  X Te) 

where 

T da  = —(0.1  m)j  + (0.2  m)k 

Mdb~{5) 

24  -7  0 

Then 

0 -0.1  0.2 

9-6  2 

= -(-4.8-12.6  + 28.8) 

or  Mdb  = 2.28  N • m A 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


210 


0.4  m 
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PROBLEM  3.58 

The  triangular  plate  ABC  is  supported  by  ball-and-socket  joints 
at  B and  D and  is  held  in  the  position  shown  by  cables  AE  and 
CF.  If  the  force  exerted  by  cable  CF  at  C is  33  N,  determine  the 
moment  of  that  force  about  the  line  joining  Points  D and  B. 


SOLUTION 

First  note 

dCF  = fo.6)2  + (-0.9)2  + (-0.2) 2 = 1 . 1 m 

Then 

TCF=^f(0-6i-0.9j  + 0.2k) 

= 3[(6  N)i  - (9  N) j - (2  N)k] 

Also 

DB  = 7(1  -2)2  + (-0.35)2  + (0)2 
= 1.25  m 

Then 

_ DB 

DB  DB 

= 1 (1.21  0.35  j) 

1.25 

=— (241-7  j) 

25 

Now 

MdB  = ^ DB  ' ( rC/D  X T CF  ) 

where 

r cm  = (°-2  m)j  - (°-4  m)k 

Then 

MoB=yf  3) 

24  -7  0 

0 0.2  -0.4 

6 -9  -2 

= -(-9.6  + 16.8-86.4) 

25 

or  Mdb  = -9.50  N • m A 
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PROBLEM  3.59 

A regular  tetrahedron  has  six  edges  of  length  a.  A force  P is 

directed  as  shown  along  edge  BC.  Determine  the  moment  of  P 

0 

about  edge  OA. 

\ 

r \ \ 

/ 

/ 

/ 

/n 

B 

V \ 

X 

SOLUTION 

We  have 
where 

From  triangle  OB  C 


Since 


or 


Then 

and 


MqA  - A'OA  ' (rCIO  X P) 


(QA)x 


a 

2 


(OA)z=(OA)x  tan  30°  = - 


vV3 


(OA)2=(OA)2+(OA)2+(OA:)2 


( OA)y 


+ (OA)i  + 


2^3 


a 

T 


12 


= a 


J 


■■  AbcP  - 


(1 a sin  30°)i  - (< a cos  30°)k 


(P)  = -(i-V3k) 


Mqa  ~ 


aP 

7T 


◄ 
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PROBLEM  3.60 

A regular  tetrahedron  has  six  edges  of  length  a.  {a)  Show  that  two 
opposite  edges,  such  as  OA  and  BC , are  perpendicular  to  each 
other.  ( b ) Use  this  property  and  the  result  obtained  in  Problem  3.59 
to  determine  the  perpendicular  distance  between  edges  OA  and  BC. 


SOLUTION 

{a)  For  edge  OA  to  be  perpendicular  to  edge  BC , 

OABC  = 0 

where 


From  triangle  OBC 


(OA)x=- 

(OA)z=(OA)x  tan  30°  = | 


1 ' 


OA- 


— \i  + (OA)y  j + 


vV3  J 2^3 

k 


a 


ylSj 


and 


BC  = ( a sin  30°)  i - {a  cos  30°)  k 

= »i_£^k  = £(l_75k) 


Then 


or 


so  that 


|i  + (Q4)J  + 


' _a_^ 

V2^y 

~ + (OA)  (0)  -A  = o 
4 4 

OABC  = 0 


(i-V3k)^  = 0 


OA  is  perpendicular  to  BC.  M 


(b)  Have  MOA  = Pd , with  P acting  along  BC  and  d the  perpendicular  distance  from  OA  to  BC. 

From  the  results  of  Problem  3.57 

Pa 


M°A  V2 


Pa 

7T 


= Pd 


or  d - —f=  4 

P. 
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PROBLEM  3.61 

A sign  erected  on  uneven  ground  is 
guyed  by  cables  EF  and  EG.  If  the 
force  exerted  by  cable  EF  at  E is  46  lb, 
determine  the  moment  of  that  force 
about  the  line  joining  Points  A and  D. 


SOLUTION 

First  note  that  BC  = sj( 48)2 

+ (36)2  = 60  in.  and  that  = ||  = j . The  coordinates  of  Point  E are 

then  (-|x48,  96,  fx36)  or  (36  in.,  96  in.,  27  in.).  Then 

^f=V(-15)2+(-110)2+(3°)2 

= 115  in. 

Then 

T£F=^(-15i-110j  + 30k) 

= 2[— (3  lb)i  - (22  lb) j + (6  lb)k] 

Also 

AD  = f48)2  +(-12)2  +(36)2 

= 12^26  in. 

Then 

_AD 

AD  ~ AD 

- iA(48,-12i+36k) 

“V26(41  J + 3k) 

Now 

Mad  = ^ad  ' (ye/a  x Tef  ) 
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PROBLEM  3.61  (Continued) 


where 


Then 


r e/a  = (36  in.)i  + (96  in.)j  + (27  in.)k 


Mad  ~ 


V26 


(2) 


4 

36 

-3 


-1  3 

96  27 

-22  6 


2 

V26 


(2304  + 81-2376  + 864  + 216  + 2376) 


or  =1359  lb  in.  ^ 
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SOLUTION 


First  note  that  BC  - sj( 48)2  +(36)2  = 60  in.  and  that  - f • The  coordinates  of  Point  E are 

then  (|-x48,  96,  |-x36)  or  (36  in.,  96  in.,  27  in.).  Then 


Then 


Also 


Then 


Now 


dEG  -yjQ- 1)2  + (~88)2  + (-44)2 
= 99  in. 

T£G=^(lli-88j-44k) 

= 6[(1  lb)i  - (8  lb)j  - (4  lb)k] 

AD  = 7(48)2  + (-12 )2  + (36)2 
= 12726  in. 


AD 

^D 

1 


12a/26 

1 


(48i-12j  + 36k) 


V26 


(4i-j  + 3k) 


M 


AD  AD  ' ( rE/A  X T^g  ) 
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PROBLEM  3.62  (Continued) 

where 

rE/A  = (36  in.)i  + (96  in.)j  + (27  in.)k 

Then 

4-13 

Mad  = }—  (6)  36  96  27 
^26  1 -8  -4 

= , ( 1536  27  864  288  144  + 864) 

V 26 

or  Mad  =-2350  lb -in.  4 
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PROBLEM  3.63 

Two  forces  ¥{  and  F2  in  space  have  the  same  magnitude  F.  Prove  that  the  moment  of  ¥x  about  the  line  of 
action  of  F2  is  equal  to  the  moment  of  F2  about  the  line  of  action  of  ¥x . 
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PROBLEM  3.64 

In  Problem  3.55,  determine  the  perpendicular  distance  between 
portion  BH  of  the  cable  and  the  diagonal  AD. 

PROBLEM  3.55  The  frame  ACD  is  hinged  at  A and  D and  is 
supported  by  a cable  that  passes  through  a ring  at  B and  is 
attached  to  hooks  at  G and  H.  Knowing  that  the  tension  in  the 
cable  is  450  N,  determine  the  moment  about  the  diagonal  AD 
of  the  force  exerted  on  the  frame  by  portion  BH  of  the  cable. 


SOLUTION 

From  the  solution  to  Problem  3.55: 


Tbh  = 450  N 


: (150  N)i  + (300  N)j  - (300  N)k 


\MAD\  ~ 90.0  N • m 


^£>=i(4i-3k) 


Based  on  the  discussion  of  Section  3.11,  it  follows  that  only  the  perpendicular  component  of  TBH  will 
contribute  to  the  moment  of  T BH  about  line  AD. 


Now 


(?BH  parallel  - ^BH  ' ^ AD 


= (150i  + 300 j - 300k)  • -(4i  - 3k) 

= j[(150)(4)  + (-300)(-3)] 

= 300  N 

Also  T BH  = (Tm  )parallel  + (Tm  )perpendicular 

SO  that  (.Dh  )perpendicular  = f - (300)2  = 335.41  N 

Since  XAD  and  (TRH  )pcrpcndlcular  arc  perpendicular,  it  follows  that 

Mad  = d(TBH  )perpendicular 

or  90.0  N • m = <i(335.41  N) 

d = 0.26833  m 


d = 0.268  m A 
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SOLUTION 

From  the  solution  to  Problem  3.56: 


Tbg=450N 


lBG 


\M, 


AD  I 


-(200  N)i  + (370  N)j  - (160  N)k 


= 1 1 1 N • m 


^ad  = — (4i-3k) 

Based  on  the  discussion  of  Section  3.11,  it  follows  that  only  the  perpendicular  component  of  TBG  will 
contribute  to  the  moment  of  T BG  about  line  AD. 


Now 


Also 
so  that 


(^BG  parallel  _ ^BG  ' ^ AD 

= (-200i  + 370j  - 160k)  ^-(4i  - 3k) 

= I[(_200)(4)  + (-160)(-3)] 

= -64  N 

^ BG  ~ ^BG  ) parallel  C^BG  ) perpendicular 

(TBG)pe^endicuiar  = V(450)2  - (-64)2  = 445.43  N 


Since  X AD  and  (TBG)perpendicular  are  perpendicular,  it  follows  that 

AD  ^(IbG  ^perpendicular 

or  1 1 1 N • m = <7(445.43  N) 

d = 0.24920  m 


d = 0.249  m ◄ 
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PROBLEM  3.66 

In  Problem  3.57,  determine  the  perpendicular  distance  between 
cable  AE  and  the  line  joining  Points  D and  B. 

PROBLEM  3.57  The  triangular  plate  ABC  is  supported  by 
ball-and-socket  joints  at  B and  D and  is  held  in  the  position 
shown  by  cables  AE  and  CF.  If  the  force  exerted  by  cable  AE 
at  A is  55  N,  determine  the  moment  of  that  force  about  the  line 
joining  Points  D and  B. 


SOLUTION 

From  the  solution  to  Problem  3.57  TAE  = 55  N 

T^=5[(9  N)i  - (6  N)j  + (2N)k] 

\Mdb  \ = 2.28  N • m 


^DB  = 25(24i'7j) 


Based  on  the  discussion  of  Section  3.11,  it  follows  that  only  the  perpendicular  component  of  TAE  will 
contribute  to  the  moment  of  TAE  about  line  DB. 


Now 


(Fae  parallel  _ ^AE  ' ^DB 


— 5(9i  — 6 j + 2k)  • — (24i  - 7 j) 

= ~[(9)(24)  + ( — 6)(  7)] 

= 51.6  N 

Als0  = AE  ) parallel  + AaE  )perpendicular 

so  that  (Tae )perpendicular  = V(55)2  + (51.6)2  = 19.0379  N 

Since  XDB  and  (T^  )peipelldicular  are  perpendicular,  it  follows  that 

^ DB  = d(TAE  ) perpendicular 

or  2.28  N • m = <7(19.0379  N) 

d = 0.119761 


d = 0.1 198  m ◄ 
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PROBLEM  3.67 

In  Problem  3.58,  determine  the  perpendicular  distance 
between  cable  CF  and  the  line  joining  Points  D and  B. 

PROBLEM  3.58  The  triangular  plate  ABC  is  supported  by 
ball-and-socket  joints  at  B and  D and  is  held  in  the  position 
shown  by  cables  AE  and  CF.  If  the  force  exerted  by  cable  CF  at 
C is  33  N,  determine  the  moment  of  that  force  about  the  line 
joining  Points  D and  B. 


SOLUTION 

From  the  solution  to  Problem  3.58 


Tcf=33N 


lCF 


" 3[(6  N)i  - (9  N) j - (2  N)k] 


\Mdb  \ = 9.50  N • m 


(24i-7j) 


Based  on  the  discussion  of  Section  3.11,  it  follows  that  only  the  perpendicular  component  of  TCf  will 
contribute  to  the  moment  of  TCf  about  line  DB. 


Now 


(TcF  )parallel  “ ^CF  ' ^ 


DB 


= 3(6i  - 9 j - 2k)  • — (24i  - 7 j) 

= ~[(6)(24)  + (— 9)(— 7)] 

= 24.84  N 


Also 
so  that 

Since  XDB  and  (Tcf  ) 


lCF 


(TCf)  parallel  (TCf) 


CF  / perpendicular 


= V(33)2  -(24.84)2 


or 


(TCf)  perpendicular 

= 21.725  N 

CF  perpendicular are  perpendicular,  it  follows  that 

I ^ DB  I — ^(^CF  )perpendicular 

9.50  N ■ m = dx 21.725  N 


or  d-  0.437  m 4 
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SOLUTION 

From  the  solution  to  Problem  3.61 


Tef  = 46  lb 


T EF  = 2[— (3  lb)i  - (22  lb)j  + (6  lb)k] 


\Mad\  = 1359  lb -in. 


'■AD 


V26 


(4i  - j + 3k) 


Based  on  the  discussion  of  Section  3.11,  it  follows  that  only  the  perpendicular  component  of  TEF  will 
contribute  to  the  moment  of  T EF  about  line  AD. 


Now 


(TEF  ) parallel  - ^EF  ' ^ AD 


= 2(-3i  - 22  j + 6k)  • 


V 26 


(4i-j  + 3k) 


[(— 3)(4)  + (— 22)(—  1)  + (6)(3)] 


V26 

= 10.9825  lb 

^1S0  T EF  = (T£F  )paranei  + (JEF  ) perpenclicular 

so  that  (T£F)perpendicular  = V(46)2  -(10.9825)2  = 44.670  lb 

Since  XAD  and  (Tf:F)pcrpcndlcular  are  perpendicular,  it  follows  that 

M AD  = d\TEF  ) perpendicular 


or 


1359  lb- in.  = dx 44.670  lb 


or  d-  30.4  in.  A 
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SOLUTION 

From  the  solution  to  Problem  3.62 


Tie  =54  lb 


T£G=6[(1  lb)i-(8  lb)j  — (4  lb)k] 
|M^|  = 2350  lb  in. 


, _ 1 

^“V26 


(4i  - j + 3k) 


Based  on  the  discussion  of  Section  3.11,  it  follows  that  only  the  perpendicular  component  of  TEG  will 
contribute  to  the  moment  of  T EG  about  line  AD. 


Now 


(^EG  ) parallel  “ ^EG  ' ^ 


AD 


1 


V26 

^US,  (Teg  perpendicular  = T EG  = 54  lb 

Since  X 4D  and  (T£G)perpendicular  are  perpendicular,  it  follows  that 

I 4^  AD  I ) perpendicular 


: 6(i  - 8j  - 4k)  ■ -^=(4i  - j + 3k) 
[(1)(4)  + (— 8)(— 1)  + ( — 4)(3)]  = 0 


or 


2350  lb  • in.  = J x 54  lb 


or  d = 43.5  in.  A 
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PROBLEM  3.70 

Two  parallel  60-N  forces  are  applied  to  a lever  as  shown. 
Determine  the  moment  of  the  couple  formed  by  the  two  forces 
(a)  by  resolving  each  force  into  horizontal  and  vertical  components 
and  adding  the  moments  of  the  two  resulting  couples,  (b)  by  using 
the  perpendicular  distance  between  the  two  forces,  (c)  by  summing 
the  moments  of  the  two  forces  about  Points. 


SOLUTION 

(a)  We  have 
where 


(, b ) We  have 


(c)  We  have 


ZM5:  — d]Cx  + d2Cy  = M 

dx  = (0.360  m) sin 55° 

= 0.29489  m 
d2  = (0.360  m) sin 55° 

= 0.20649  m 
Cx  = (60  N) cos 20° 

= 56.382  N 
Cy  - (60  N)  sin  20° 

= 20.521  N 


M = -(0.29489  m)(56.382  N)k  + (0.20649  m)(20.521  N)k 
= -(12.3893  N-m)k 


or  M =12.39  N my  ◄ 


M=Fd(-k) 

= 60  N[(0.360  m) sin(55°  - 20°)](-k) 

= -(12.3893  N m)k  or  M =12.39  N my  ◄ 


EM, 


E(r^  x F)  — rB/A  xFe  + rc/A  x Fc  — M 


M = (0.520  m)(60  N) 


CM  ' 

i 

cos  55° 
-cos  20° 


+(0.800  m)(60  N) 


cos  55° 
cos  20° 


j k 

sin  55°  0 

-sin  20°  0 
j k 
sin  55°  0 
sin  20°  0 


: (17.8956  N m-30.285  N-m)k 
= -(12.3892  N-m)k 


or  M =12.39  N 
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PROBLEM  3.71 

A plate  in  the  shape  of  a parallelogram  is  acted  upon  by  two 
couples.  Determine  {a)  the  moment  of  the  couple  formed  by  the 
two  21 -lb  forces,  ( b ) the  perpendicular  distance  between  the  12-lb 
forces  if  the  resultant  of  the  two  couples  is  zero,  (c)  the  value  of  a 
if  the  resultant  couple  is  72  lb  in.  clockwise  and  d is  42  in. 
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PROBLEM  3.72 

A couple  M of  magnitude  18  N m is  applied  to  the 
handle  of  a screwdriver  to  tighten  a screw  into  a 
block  of  wood.  Determine  the  magnitudes  of  the 
two  smallest  horizontal  forces  that  are  equivalent  to 
M if  they  are  applied  {a)  at  comers  A and  D , ( b ) at 
comers  B and  C,  (c)  anywhere  on  the  block. 


SOLUTION 

p o 


c <3  2. 


Q 

14-.  f> 

IN 

lA 

A 


(a)  We  have 
or 


(b) 


We  have 


(c) 


We  have 


M = Pd 

18N-m  = P(.24m) 

P = 75.0  N or  />min=75.0N  ◄ 

dp,c  = 'J(BE)2  +(EC)2 

= yj(. 24  m)2  + (.08  m)2 
= 0.25298  m 
M = Pd 

18  N m = />(0. 25298  m) 

P = 71.152  N or  P = 71.2N^ 

dAC=^{ADfHDCf 

= V(0.24  m)2  + (0.32  m)2 
= 0.4  m 

M = PdAC 
18  N-m  = P(0.4  m) 

.P  = 45.0  N or  P = 45.0  N ◄ 
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PROBLEM  3.73 

Four  l-in.-diameter  pegs  are  attached  to  a board  as  shown.  Two 
strings  are  passed  around  the  pegs  and  pulled  with  the  forces 
indicated,  (a)  Determine  the  resultant  couple  acting  on  the  board. 
(b)  If  only  one  string  is  used,  around  which  pegs  should  it  pass 
and  in  what  directions  should  it  be  pulled  to  create  the  same 
couple  with  the  minimum  tension  in  the  string?  (< c ) What  is  the 
value  of  that  minimum  tension? 


SOLUTION 


_ L 

Zflb 


y'V  p 

f -tr^Jp0 


s 


(a) 


+ )M  = (35  lb)(7  in.)  + (25  lb)(9  in.) 


= 245  lb  • in.  + 225  lb  • in. 

M = 470  lb-in.')  ◄ 

(b)  With  only  one  string,  pegs  A and  D,  or  B and  C should  be  used.  We  have 
tan  # = — 9 = 36.9°  90°-6»  = 53.1° 


Direction  of  forces: 

With  pegs  A and  D : 

With  pegs  B and  C: 

(c)  The  distance  between  the  centers  of  the  two  pegs  is 

V82  +62  =10  in. 

Therefore,  the  perpendicular  distance  d between  the  forces  is 


6 — 53.1°  ◄ 
6 - 53.1°  ◄ 


1 . 

— m. 
2 


We  must  have 


d- 10  in. + 2 

V 

= 11  in. 

M = Fd  470  lb  • in.  = F(  1 1 in.) 


F = 42.7  lb  ◄ 
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PROBLEM  3.74 

35  lb 

B 

25  11) 

Four  pegs  of  the  same  diameter  are  attached  to  a board  as  shown. 
Two  strings  are  passed  around  the  pegs  and  pulled  with  the 

* It 

6 in. 

1 

J 35 II) 

forces  indicated.  Determine  the  diameter  of  the  pegs  knowing 
that  the  resultant  couple  applied  to  the  board  is  485  lb  -in. 
counterclockwise . 

r <-• 

2511) 

L — 8 

1 

in. 

SOLUTION 

M ~ d ad-Fad  + d rc^rc 

485  lb  • in.  = [(6  + </)inJ(35  lb)  + [(8  + d) in.](25  lb) 

d = 1.250  in.  ◄ 
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SOLUTION 

Based  on 

M = Mj  +M2 

where 

M,  =-(8  lb  ■ ft)j 

'i 

M2  =-(6  lbft)k 

M = -(8  lb  ft)j  — (6  lb-ft)k 

"'V 14-3.1° 

and 

|M|  = 7(8)2+(6)2  = 10  lb  ft  or  M = 10.001bft  ◄ 

Z r — 

V T l 

Sti 

|M| 

*v 

_ -(8  lb  • ft)j  - (6  lb  • ft)k 

i 

10  lb  ft 

= -0.8j  -0.6k 

or 

M =|M|I  = (10  lb • ft)(-0.8 j - 0.6k) 

cos  9X  =0  9X=  90° 

cos#^  =-0.8  6y=  143.130° 

cos  6Z  = -0.6  9Z  =126.870° 

or  9X  = 90.0°  9y  =143.1°  9Z=  126.9°  ◄ 
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PROBLEM  3.76  (Continued) 

and  M = [(5.4  N • m)j]  + [141.421(.0136i  + ,0255j)  N • m] 

= (1 .92333  N ■ m)i  + (9.0062  N • m)j 

\M\  = J{Mx)2+(Myf 

= V(l-92333)2  +(9.0062)2 

= 9.2093  N m or  M = 9.21N-m  ◄ 

A_  M _ (1 .92333  N-m)i  + (9.0062  N-m)j 
9.2093  Nm 


= 0.20885  + 0.97795 

cos  6X  = 0.20885 

6X  = 77.945° 

or 

Qx  = 77.9°  ◄ 

cos  6y  =0.97795 

6y  = 12.054° 

or 

6y  = 12.05°  ◄ 

cos#z  = 0.0 
ez  = 90° 

or 

ez  =9o.o°  ◄ 
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SOLUTION 


M = M[  +M2;  Fx  = 16  lb,  F2=401b 
Ml  = rc  x F,  = (30  in.)i  x [-(16  lb)j]  = -(480  lb  • in.)k 
M2  = rE/B  x rE/B  = (15  in-)i  - (5  in.)j 
dDE  = V(0)2+(5)2+(10)2  = 5\[5  in. 

= 8%/5[(l  lb)j  - (2  lb)k] 
i j k 
M2=875  15  -5  0 

0 1 -2 


= 8^5  [(10  lb  • in.)i  + (30  lb  • in.)j  + (15  lb  • in.)k] 

M = -(480  lb-in.)k  + 8V5[(10  lbin.)i  + (30  lbin.)j  + (15  lbin.)k] 
= (178.885  lb  • in.)i  + (536.66  lb  • in.)j  - (21 1 .67  lb  • in.)k 


M = 7(178.885)2  +(536.66)2  +(-211.67)2 
= 603.99  lb  • in 


M = 604  lb  • in.  ◄ 


Xaxis  = — = 0.29617i  + 0.88852 j - 0.35045k 

M 

cos  ex=  0.29617 
cos  6y  = 0.88852 

cos  6Z  = -0.35045  0X  = 72.8°  dy  = 27.3°  6Z  = 1 10.5°  ◄ 
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PROBLEM  3.78 

If  P = 20  lb,  replace  the  three  couples  with  a single 
equivalent  couple,  specifying  its  magnitude  and  the 
direction  of  its  axis. 


SOLUTION 

From  the  solution  to  Problem.  3.77 
1 6 lb  force:  Mx  = -(480  lb  • in.)k 

40  lb  force:  M2  = 8^5 [(10  lb  • in.)i  + (30  lb  • in.)j  + (15  lb  • in.)k] 

P = 20  lb  M3=rcxP 

= (30  in.)ix(20  lb)k 
= (600  lb  • in.) j 

m = m1+m2+m3 

= -(480)k  + 875  (lOi  + 30j  + 1 5k)  + 600j 
= (178.885  lb  in)i  + (1136.66  lb  • in.)j  — (21 1.67  lb-in.)k 

M = 7(1 78.885)2  + (1 1 3.66)2  +(211 ,67)2 

= 1169.96  lb -in  M = 1170  lb-in.  ◄ 

X = — = 0.1 52898i  + 0.97 1 54j  - 0. 1 8092  lk 

axls  m 

cos  ex  = 0.152898 
cos  0y  = 0.97154 

cos  6Z  = -0.180921  6X  =81.2°  ^=13.70°  0Z  =100.4°  ◄ 
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PROBLEM  3.79 

If  P = 20  N,  replace  the  three  couples  with  a single 
equivalent  couple,  specifying  its  magnitude  and  the 
direction  of  its  axis. 


SOLUTION 

We  have 
where 


M = Ml  +M2  +M3 


Ml  - rG/c  x T _ 


i j k 

-0.3  0 0 

0 0 18 


N • m = (5.4  N • m)j 


M2  — 1 ‘d/f  X 


i j k 

-.15  .08  0 141.421  Nm 

-.15  .08  .17 
14 1 .42 1(.0 1 36i  + .0255 j)N  m 


(See  Solution  to  Problem  3.76.) 


M3  — 1 'a a x T3 


N-m 


i j k 

0.3  0 0.17 

0 20  0 
= -(3.4  N m)i  + (6N m)k 
M = [(1 .9233  3 - 3 ,4)i  + (5.4  + 3 .6062)  j + (6)k]  N • m 
= -(1 .47667  N • m)i  + (9.0062  N • m) j + (6  N • m) 


|M|  = ^M2+M2+M2 


= 7(1 .47667)  + (9.0062)  + (6)2 
= 10.9221  Nm 


or  M = 10.92  N m ◄ 
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PROBLEM  3.79  (Continued) 

} _ M _ -1.47667 + 9.0062 + 6 
|M|  10.9221 

= -0. 135200i  + 0.82459 j + 0.54934k 

cos  6X  =-0.135200  0X  =97.770 

or 

6X  =97.8°  ◄ 

cos6>y  =0.82459  9y=  34.453 

or 

0y  = 34.5°  ◄ 

cos  0Z  =0.54934  02  =56.678 

or 

Gz  =56.7°  ◄ 
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y 

12(H)  N-m 

PROBLEM  3.80 

Shafts  A and  B connect  the  gear  box  to  the  wheel  assemblies 

of  a tractor,  and  shaft  C connects  it  to  the  engine.  Shafts  A and 

2()0 

\/r  id-  1120  N-m 

B lie  in  the  vertical  yz  plane,  while  shaft  C is  directed  along 

the  x axis.  Replace  the  couples  applied  to  the  shafts  with  a 
single  equivalent  couple,  specifying  its  magnitude  and  the 

~ A J 16(H)  N-m 

X 

direction  of  its  axis. 

SOLUTION 


Represent  the  given  couples  by  the  following  couple  vectors: 


=-1600sin20°j  + 1600cos20°k 
= -(547.232  N • m)j  + (1503.51  N • m)k 
Mb  =1200sin20°j  + 1200cos20°k 

= (410.424  N • m)j  + (1 127.63  N • m)k 
Mc  =-(1120  N m)i 


The  single  equivalent  couple  is 


M = +MB  +MC 

= -(1 1 20  N • m)i  - (136.808  N • m) j + (263 1 . 1 N • m)k 

M = f( 1 120)2  + (136.808)2  +(2631. 1)2 
= 2862.8  N-m 


cos  6X 
cos  6 
cos  6Z 


-1120 

2862.8 

-136.808 

2862.8 

2631.1 

2862.8 


M = 2860  N-m  6 =113.0°  <9=92.7°  <9.  =23.2°  ◄ 
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PROBLEM  3.81 

The  tension  in  the  cable  attached  to  the  end  C of  an 
adjustable  boom  ABC  is  560  lb.  Replace  the  force 
exerted  by  the  cable  at  C with  an  equivalent  force- 
couple  system  {a)  at  A,  (b)  at  B. 
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PROBLEM  3.82 

A 160-lb  force  P is  applied  at  Point  A of  a structural  member. 
Replace  P with  (a)  an  equivalent  force-couple  system  at  C, 
(b)  an  equivalent  system  consisting  of  a vertical  force  at  B 
and  a second  force  at  D. 


SOLUTION 

(a)  Based  on 

where 


(b)  Based  on 


EM 


EF:  Pr=P  = 160  1b 


or  Pr  =160  lb  ^60°^ 


ZMC:  Mc 


Px^cy  + Pydcx 


Px  =(160  lb)  cos  60° 
= 80  lb 

Py  =(160  lb)  sin  60° 
= 138.564  lb 
dCx  =4ft 
dcy  = 2-75  ft 


Mc  = (80  lb)(2.75  ft)  + (138.564  lb)(4  ft) 
= 220  lb  ft + 554.26  lb -ft 
= 334.26  lb  ft 


XFt : P/)x  = P cos  60° 


= (160  lb)  cos  60° 
= 80  lb 


t 


or  Mc=334  1b  ft>)^ 
b 

1 


b 

P 

4 "n 


D 


£>  • (Pcos^°)(^da)  ~ Pb(^db) 

[(1 60  lb)  cos  60°](1 .5  ft)  = PB  (6  ft) 
PB  = 20.0  lb 


or  PR  = 20.0  lb  * ^ 
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PROBLEM  3.82  (Continued) 

l,Fy:  P sin  60°  = PB  + PDy 

(1 60  lb)  sin  60°  = 20.0  lb  + PDy 
PDy  =118.564  lb 

pd=^Jhp^)2 

= a/(80)2  + (1 18.564)2 
= 143.029  lb 


= tan 

= 55.991°  or  PD  =143.0 lb  ^56.0°  ◄ 


P 

\rDx  J 

1 1 8.564^1 
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PROBLEM  3.83 

The  80-N  horizontal  force  P acts  on  a bell  crank  as  shown. 
{a)  Replace  P with  an  equivalent  force-couple  system  at  B. 
(b)  Find  the  two  vertical  forces  at  C and  D that  are  equivalent 
to  the  couple  found  in  Part  a. 


SOLUTION 


(a) 


Based  on 


XF:  Fb=F  = 80 N or  FB=80.0N^^ 

EM:  MB=FdB 

= 80  N (.05  m) 

= 4.0000  Nm 


or 


MB  =4.00N-m')^ 


(b)  If  the  two  vertical  forces  are  to  be  equivalent  to  M5,  they  must  be 
a couple.  Further,  the  sense  of  the  moment  of  this  couple  must  be 
counterclockwise. 

Then,  with  Fc  and  FD  acting  as  shown, 

EM:  Md  — Fcd 

4.0000  N*m  = Fc (.04 m) 

Fc=  100.000 N or  Fc  = 100.0 nJ^ 


E/y  0 = Fd-Fc 


Fd  = 100.000  N 


or  Fo=  100.0 N|^ 
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PROBLEM  3.84 

A dirigible  is  tethered  by  a cable  attached  to  its  cabin  at  B.  If 
the  tension  in  the  cable  is  1040  N,  replace  the  force  exerted  by 
the  cable  at  B with  an  equivalent  system  formed  by  two 
parallel  forces  applied  at  A and  C. 
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c 

b /'s' 

PROBLEM  3.85 

The  force  P has  a magnitude  of  250  N and  is  applied  at  the  end  C 

s'  \ 300  nun 

of  a 500-mm  rod  AC  attached  to  a bracket  at  A and  B.  Assuming 
a = 30°  and  j3  = 60°,  replace  P with  (a)  an  equivalent  force-couple 



a\200 

mm 

system  at  B , (b)  an  equivalent  system  formed  by  two  parallel  forces 
applied  at  A and  B. 
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■■ 

c 

PROBLEM  3.86 

B /X  \ X 

/ p 
3(H)  mm 

t vV 

a\^ 200  mm 

Solve  Problem  3.85,  assuming  a = /?  = 25°. 
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PROBLEM  3.87 

A force  and  a couple  are  applied  as  shown  to  the  end  of  a 
cantilever  beam,  {a)  Replace  this  system  with  a single  force  F 
applied  at  Point  C,  and  determine  the  distance  d from  C to  a 
line  drawn  through  Points  D and  E.  ( b ) Solve  Part  a if  the 
directions  of  the  two  360-N  forces  are  reversed. 


SOLUTION 


-A 


|y—  150 


mni 


* 


F 


{a)  We  have  XF : F = (360  N)  j - (360  N)  j - (600  N)k 

or  F = -(600  N)k  ◄ 

and  1LMD  : (360  N)(0.15  m)  = (600  N)(rf) 

d = 0.09  m 

or  d - 90.0  mm  below  ED  A 
( b ) We  have  from  Part  a F = -(600  N)k  4 

and  : -(360  N)(0.15  m)  = -(600  N)(rf) 

d = 0.09  m 

or  d = 90.0  mm  above  ED  M 
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PROBLEM  3.88 

The  shearing  forces  exerted  on  the  cross  section  of  a steel  channel  can 
be  represented  by  a 900-N  vertical  force  and  two  250-N  horizontal 
forces  as  shown.  Replace  this  force  and  couple  with  a single  force  F 
applied  at  Point  C,  and  determine  the  distance  x from  C to  line  BD. 
(Point  C is  defined  as  the  shear  center  of  the  section.) 


SOLUTION 


Replace  the  250-N  forces  with  a couple  and  move  the  900-N  force  to  Point  C such  that  its  moment  about  H is 
equal  to  the  moment  of  the  couple 


T 


O.  1$  VVl 


1 


ISO  n) 


^00  Kl 


*l0o  M 


7.SO  hi 


T 

» ^OO  Nl 


Mh  = (0. 18)(250  N) 
= 45  N ■ m 


Then 

or 


Mh  = x(900  N) 

45  N ■ m = x(900  N) 
x = 0.05  m 


F = 900N|  x = 50.0mm  ◄ 
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PROBLEM  3.89 


While  tapping  a hole,  a machinist  applies  the  horizontal  forces 
shown  to  the  handle  of  the  tap  wrench.  Show  that  these  forces 
are  equivalent  to  a single  force,  and  specify,  if  possible,  the 
point  of  application  of  the  single  force  on  the  handle. 


SOLUTION 

Since  the  forces  at  A and  B are  parallel,  the  force  at  B can  be  replaced  with  the  sum  of  two  forces  with  one  of 
the  forces  equal  in  magnitude  to  the  force  at  A except  with  an  opposite  sense,  resulting  in  a force-couple. 

Have  Fb  = 2.9  lb  - 2.65  lb  = 0.25  lb,  where  the  2.65  lb  force  be  part  of  the  couple.  Combining  the  two 
parallel  forces, 

McouPie  = (2-65  lb)[(3.2  in.  + 2.8  in.)cos  25°] 

= 14.4103  lb  in. 

and  Mcouple  =14.4103  lb  in. 


X 

A single  equivalent  force  will  be  located  in  the  negative  z-direction 
Based  on  : -14.4103  lb  • in.  = [(.25  lb)cos  25 °]{a) 

a = 63.600  in. 

F'  = (.25  lb)(cos  25°i  + sin  25°k) 

F'  = (0.227  lb)i  + (0. 1057  lb)k  and  is  applied  on  an  extension  of  handle  BD  at  a 

distance  of  63.6  in.  to  the  right  of  B A 
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PROBLEM  3.90 

Three  control  rods  attached  to  a lever  ABC  exert  on  it  the 
forces  shown,  {a)  Replace  the  three  forces  with  an  equivalent 
force-couple  system  at  B.  ( b ) Determine  the  single  force  that 
is  equivalent  to  the  force-couple  system  obtained  in  Part  a , 
and  specify  its  point  of  application  on  the  lever. 


SOLUTION 

(a)  First  note  that  the  two  20-lb  forces  form  A couple.  Then 

F = 48  lb  ALO 

where  0 = 180°  - (60°  + 55°)  = 65° 

and  M = HMB 

= (30  in.)(48  lb) cos 55° -(70  in.)(20  lb) cos 20° 

= -489.62  lb  in 

The  equivalent  force-couple  system  at  B is 

F = 48.0  lb  65°  M =490  lb-in. ^ ◄ 

(b)  The  single  equivalent  force  F'  is  equal  to  F.  Further,  since  the  sense  of  M is  clockwise,  F'  must  be  applied 
between  A and  B.  For  equivalence. 

ZM5:  M = -aF' cos  55° 

where  a is  the  distance  from  B to  the  point  of  application  of  F'.  Then 
-489.62  lb  • in.  = -a(48.0  lb)  cos  55° 

or  a = 17.78  in.  F'  = 48.0  1b  ^65.0°4 

and  is  applied  to  the  lever  17.78  in. 

To  the  left  of  pin  B A 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


248 


l 

PROBLEM  3.91 

J 

{ r 

A hexagonal  plate  is  acted  upon  by  the  force  P and  the  couple  shown. 
Determine  the  magnitude  and  the  direction  of  the  smallest  force  P for 
which  this  system  can  be  replaced  with  a single  force  at  E. 

/ 

i 

J 

/ D 

3(H)  N t \ 

3.2m-r 
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f 1 *r  v 

48  N 

PROBLEM  3.92 

1 

A 

f 

/‘5N 

B 

A rectangular  plate  is  acted  upon  by  the  force  and  couple 

shown.  This  system  is  to  be  replaced  with  a single  equivalent 

240 1 

mm 

ier  N 

force,  (a)  For  a = 40°,  specify  the  magnitude  and  the  line  of 

15  N 

action  of  the  equivalent  force,  (b)  Specify  the  value  of  a if  the  line 

/ 

of  action  of  the  equivalent  force  is  to  intersect  line  CD  300  mm 

D 

400  mm *■ 

c 

to  the  right  of  D. 

SOLUTION 

(a)  The  given  force-couple  system  (F,  M)  at  B is 

F = 48  N 1 

and  M = 1LMB  = (0.4  m)(15  N)cos  40°  + (0.24  m)(15  N)sin  40° 
or  M = 6.9103Nm>) 

The  single  equivalent  force  F'  is  equal  to  F.  Further  for  equivalence 

XM5:  M = dF' 

or  6.9103N-m  = rfx48N 

or  d-  0.14396  m 

and  the  line  of  action  of  F'  intersects  line  AB  144  mm  to  the  right  of  A. 

(b)  Following  the  solution  to  Part  a but  with  d = 0.1  m and  ^unknown,  have 

ZM5:  (0.4  m)(15  N)cos  a + { 0.24  m)(15  N)skm 
= (0.1  m)(48  N) 

or  5coso'  + 3sina  = 4 

Rearranging  and  squaring  25  cos2  a = (4  - 3 sin  a)2 

Using  cos2  a-i-  sin2  a and  expanding 

25(1  - sin2  a)  = 16  - 24  sin  a + 9 sin2  a 
or  34  sin2  a - 24  sin  a - 9 = 0 


(3  r > 


Then 


sin  a - 


24±V(-24)2-4(34)(-9) 

2(34) 


sin  a = 0.97686  or  sin  a = -0.27098 
a = 11. T or  a = -15.72° 


F'  = 48N  ◄ 

◄ 


◄ 
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PROBLEM  3.93 

An  eccentric,  compressive  1220-N  force  P is  applied  to  the  end 
of  a cantilever  beam.  Replace  P with  an  equivalent  force-couple 
system  at  G. 
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PROBLEM  3.94 

To  keep  a door  closed,  a wooden  stick  is  wedged  between  the 
floor  and  the  doorknob.  The  stick  exerts  at  B a 175-N  force 
directed  along  line  AB.  Replace  that  force  with  an  equivalent 
force-couple  system  at  C. 
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SOLUTION 

We  have 

dAB  = J(-64)2  + (-128)2  + (1 6)2  = 144  ft 

Then 

900  1 U 

T-=H^(-64i-128j+16k) 

= (32  lb)( — 4i  - 8 j + k) 

Now 

M = M0  = rA/0  x TAB 
= 128j  x 32(-4i  - 8j  + k) 

= (4096  lb  • ft)i  + (16,384  lb  ■ ft)k 

The  equivalent  force-couple  system  at  0 is 

F = -(128.0  lb)i  - (256  lb)j  + (32.0  lb)k  ◄ 

M = (4.10  kip  • ft)i + (16.38  kip  - ft)k  A 
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SOLUTION 

We  have 

dAD  =V(-64)2  +(-128)2  +(-128)2 
= 192  ft 

Then 

T^=^r(_64i~128j+128k) 

= (90  lb)(-i  — 2j  — 2k) 

Now 

M = M0  = rA/0  x Tad 
= 1 28  j x 90(-i  - 2 j - 2k) 

= -(23,040  lb  • ft)i  + (1 1,520  lb  • ft)k 

The  equivalent  force-couple  system  at  0 is 

F = -(90.0  lb)i -(180.0  lb)j- (180.0  lb)k  ◄ 

M = -(23.0  kip  ft)i  + (11.52  kip  - ft)k  ◄ 
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PROBLEM  3.97 

Replace  the  150-N  force  with  an  equivalent  force-couple 
system  at  A. 


SOLUTION 

Equivalence  requires 

where 

Then 


ZF:  F = (150  N)(-cos  35°j  - sin  35°k) 
= -(122.873  N)j  - (86.036  N)k 


EM 


lA  • 


M " VD/A  X ^ 


lD/A 


: (0. 1 8 m)i  - (0. 1 2 m) j + (0. 1 m)k 


i j k 

M = 0.18  -0.12  0.1  Nm 

0 -122.873  -86.036 

= [(— 0. 12)(— 86.036)  - (0.  l)(-122.873)]i 
+ [-(0.18)(-86.036)]j 
+ [(0.18)(-122.873)]k 

= (22.6  N • m)i  + (1 5.49  N • m) j - (22. 1 N • m)k 


The  equivalent  force-couple  system  at  A is 


M: 


F = -(122.9  N)j  - (86.0  N)k  ◄ 
: (22.6  N • m)i  + (1 5.49  N • m) j - (22. 1 N • m)k  ◄ 
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PROBLEM  3.98 

A 77-N  force  Fi  and  a 31-N  • m couple  Mi  are 
applied  to  comer  E of  the  bent  plate  shown.  If 
Fi  and  Mi  are  to  be  replaced  with  an  equivalent 
force-couple  system  (F2,  M2)  at  comer  B and  if 
(M2)z  = 0,  determine  ( a ) the  distance  d , (b)  F2 
and  M2. 


250  mm 


mm 


83.3 


SOLUTION 


(a)  We  have 


where 


ZMBz:  M2z  = 0 
^ ' (VH/B  X ^i ) + Mlz  = 0 
vh,b  = (0.3  lm)i-  (0.0233)  j 


^1  _ 1 

= (0.06  m)i  + (0.06  m) j - (0.07  m)k 

0.11m  1 ’ 

= (42  N)i  + (42  N)  j - (49  N)k 

M\z  = k ■ Mj 
Mi  = KjM\ 

= -di  + (0.03  m)j  -(0.07  m)k  N 
■\Jd2  +0.0058  m 

Then  from  Equation  (1), 

0 0 1 
0.31  -0.0233  0 

42  42  -49 

Solving  for  d , Equation  (1)  reduces  to 

(13.0200  + 0.9786)  — 2,1?N'm  = 0 
Vt/2  +0.0058 


, (-0.07  m)(3 1 N • m)  _ n 
Vt/2  +0.0058 


From  which 


d = 0.1350  m 


a) 


or  d- 135.0  mm  A 
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PROBLEM  3.98  (Continued) 

(b)  F2  = F,  = (42i  + 42 j - 49k)N  or  F2  = (42  N)i  + (42  N) j - (49  N)k  ◄ 

M2  = rH/B  x Fj  + Mj 

i j k 
= 0.31  -0.0233  0 

42  42  -49 

= (1. 14170i  + 15. 1900j  + 13.9986k)  Nm 
+ (-27.000i  + 6.0000j  - 14.0000k)  N • m 
M2  = -(25.858  N-m)i  + (21.190  N m)j 

or  M2  =-(25.9  N m)i  + (21.2  N m)j  ◄ 


+ (0.1350)i  + 0.03j-0.07k 

0.155000 
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SOLUTION 

We  have 
Then 

Also 

Then 

Now 

where 

Then 


dAJ  = V(18)2  +(-14)2  +(-3)2  = 23  in. 

F=i^(18i-14j-3k) 

= (36  lb)i  - (28  lb) j - (6  lb)k 

dAC  = 7(-45)2  +(0)2  +(-28)2  = 53  in. 

2120  lb-in. , ...  . 

M = — ( — 45i  - 28k) 

= -(1 800  lb  • in.)i  - (1 120  lb  • in.)k 


M'  = M + rAIH  x F 


rA/H  =(45  in.)i  + (14  in.)j 
M'  = (— 1800i  — 1120k)  + 


45 

36 


J 

14 

-28 


= (-18001  - 1 120k)  + {[(1 4)(— 6)]i  + [ — (45)( — 6)]j  + [(45)(-28)  - (14)(36)]k} 

= (- 1 800  - 84)i  + (270)  j + (- 1 1 20  - 1 764)k 
= -(1 884  lb  • in.)i  + (270  lb  • in.)j  - (2884  lb  • in.)k 
= -(1 57  lb  • ft)i  + (22.5  lb  • ft) j - (240  lb  • ft)k 

The  equivalent  force-couple  system  at  H is  F'  = (36.0  lb)i  - (28.0  lb) j - (6.00  lb)k  A 

M'  = -(157  lb  • ft)i  + (22.5  lb  • ft)j  - (240  lb  • ft)k  4 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


258 


PROBLEM  3.100 

The  handpiece  for  a miniature  industrial  grinder  weighs  0.6  lb,  and 
its  center  of  gravity  is  located  on  the  y axis.  The  head  of  the 
handpiece  is  offset  in  the  xz  plane  in  such  a way  that  line  BC  forms 
an  angle  of  25°  with  the  x direction.  Show  that  the  weight  of  the 
handpiece  and  the  two  couples  Mi  and  M2  can  be  replaced  with  a 
single  equivalent  force.  Further,  assuming  that  Mx  - 0.68  lb  • in. 
and  M2  = 0.65  lb  • in.,  determine  (a)  the  magnitude  and  the  direction 
of  the  equivalent  force,  ( b ) the  point  where  its  line  of  action 
intersects  the  xz  plane. 


SOLUTION 

First  assume  that  the  given  force  W and  couples  Mi  and  M2  act  at  the  origin. 


Now 

and 


W = -Wi 


M = Mj  +M2 

= ~(M2  cos  25°)i  + (M|  - M2  sin  25°)k 

Note  that  since  W and  M are  perpendicular,  it  follows  that  they  can  be  replaced 
with  a single  equivalent  force. 

(a)  We  have  F = W or  F = -W}  = -(0.6  lb)j 


or  F = -(0.600  lb)j  ◄ 


( b ) Assume  that  the  line  of  action  of  F passes  through  Point  P(x , 0,  z).  Then  for  equivalence 


where 


M = fp/o  x F 
i *p/q  — xi  “l-  zk 


r \ * ~p(wi 


- (M2  cos  25°)i  + (M,  - M2  sin  25°)k 

i j k 


X 0 Z 

0 -W  0 


: (Wz)  i - (Wx)  k 


Equating  the  i and  k coefficients,  z = C°S  ^ and  x 


W 


M]  —M2  sin  25° 

W 


(, b ) For 


W = 0.6  lb  Mj  = 0.68  lb  • in.  M2  = 0.65  lb  • in. 
0.68 -0.65  sin  25° 


x = - 


-0.6 

-0.65  cos  25c 

0.6 


= 0.67550  in. 


-0.98183  in. 


or  x = 0.675  in.  A 
or  z = -0.982  in.  A 
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SOLUTION 

(a)  (a)  We  have 


and 


(b)  We  have 


and 


(c)  We  have 


and 


lFy:  -400  N - 200  N = Ra 

ZMa:  1 800  N • m — (200  N)(4  m)  = Ma 

lFy:  -600  N = Rb 

1LMa\  - 900  N • m = Mb 

lFy : 300  N- 900  N = RC 

YMa\  4500  N • m - (900  N)(4  m)  = Mc 


or  Ra  = 600  N 1 ◄ 

or  Ma  =1000N  m")^ 


or  R6=600Nl^ 

or  Mj=900N'm^ 
or  Rc=600n|^ 

or  Mc  =900Nm')^ 
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PROBLEM  3.101  (Continued) 

(d) 

We  have 

I/y  -400  N + 800  N = 

or 

Rd  =400Nf  ◄ 

and 

~LMa  : (800  N)(4  m)  - 2300  N • m = Md 

or 

II 

so 

O 

O 

Z 

3 

▲ 

(e) 

We  have 

X/y  - 400  N - 200  N = 

or 

Re=600N|  ◄ 

and 

XMa:  200  N • m + 400  N • m - (200  N)(4  m)  = Me 

or 

Me  = 200  Nm  )< 

(/) 

We  have 

ZFy:  -800N  + 200N  = Rf 

or 

Ry  = 600  N 1 ^ 

and 

1,Ma:  - 300  N • m + 300  N • m + (200  N)(4  m)  = Mj 

or 

My  =800N-m>)^ 

(g) 

We  have 

HFy:  -200N-800N  = Rg 

or 

Rg  = 1000  N 1 

and 

Y,Ma\  200  N • m + 4000  N • m - (800  N)(4  m)  = Mg 

or 

Mg  =1000N-m")^ 

(h) 

We  have 

HFy:  -300  N- 300  N = Rh 

or 

Ra  = 600  N 1 ◄ 

and 

Y,Ma\  2400  N • m - 300  N • m - (300  N)(4  m)  = Mh 

or 

MA  =900N-m'H 

(b)  Therefore,  loadings  (c)  and  ( h ) are  equivalent. 

◄ 
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200  N 


4(H)  N 


PROBLEM  3.102 

A 4-m-long  beam  is  loaded  as  shown.  Determine  the  loading  of 
Problem  3.101  which  is  equivalent  to  this  loading. 


SOLUTION 

We  have 

and 

or 


XF^i  -200N-400N  = R 
IMa:  -400  N • m + 2800  N • m — (400  N)(4  m)  = M 
M = 800Nm>) 


or  R = 600  N 1 


C 

M 


A 


w 


.M 


Problem  3.101  Equivalent  force-couples  at  A 


Equivalent  to  case  (/)  of  Problem  3.101  A 


Case 

R 

M 

(a) 

600  N| 

1000  Nm") 

(b) 

600  N| 

WONm^ 

(c) 

600  N| 

900  N • m f 

id) 

400  Nf 

900  N • m f 

(e) 

600  N| 

200Nmj) 

if) 

600  N| 

800  N m 

(g) 

iooo  n| 

1000  Nm^) 

ih) 

600  n| 

900  N • m f 
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PROBLEM  3.103 

Determine  the  single  equivalent  force  and  the  distance  from  Point  A to  its  line  of  action  for  the  beam  and 
loading  of  (a)  Problem  3.1016,  (6)  Problem  3A01d,  (c)  Problem  3.1  Ole. 

PROBLEM  3.101  A 4-m-long  beam  is  subjected  to  a variety  of  loadings,  (a)  Replace  each  loading  with  an 
equivalent  force-couple  system  at  end  A of  the  beam.  (6)  Which  of  the  loadings  are  equivalent? 


400  N 

- 4 in  

200  N 

600  N 

IHH)  N 

1HH)  N-m 

A B 

A 

> 

) 

A 

y 

ISOO  N-m 

A A-  ' d 

An  -A. 

(a) 

(b)  300 N 

(c) 

) 


-400  N 


2300  N • in 


(cl) 


200  N 800  N 


l 


4(H)  N 2(H)  N 


) C 

800  N 2(H)  N-m 


3(H)  N -in 


) C 


S(H)  N 

r 


45(H)  \ - in 


300  N-m 


(e) 


24(H)  N-m 


) C 


3(H)  \ 


4(H)  N-m 


3(H)  N 


(/) 


) 


2(H)  N 


) 


200  N-m 


4IMIO  N-m 


300  N-m 


(g) 


</.) 


SOLUTION 


GoOi'i 


qoON-Ti 


a 1 — * — 4 


4m 


aC 


3 B 


qoON  23ocNm 


Soon 


4m 

R 


/A 


(a)  For  equivalent  single  force  at  distance  d from  A 
We  have  ZF„:  -600  N = F 


ZOOM 

4OON0n 


|—  d 


/fo  ' 


/for 


je 


and 


and 


or  R = 600N|^ 


ZMC : (600  N)(t/)  - 900  N • m = 0 


or  d = 1.500  m A 


(b)  We  have  IF:  -400  N + 800  N = /? 


or  R = 400N|^ 

and  ZMC : (400  N)(J)  + (800  N)(4  - d) 

-2300  N m = 0 

or  d = 2.25  m A 


(c)  We  have  ZFV:  -400  N - 200  U = R 


or  R = 600  N | ◄ 


ZMC:  200  N • m + (400  N)(d) 


- (200  N)(4  - d)  + 400  N • m = 0 

or  d-  0.333  m 4 
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SOLUTION 

First  note  that  the  force-couple  system  at  F cannot  be  equivalent  because  of  the  direction  of  the  force  [The 

force  of  the  other  four  systems  is  (10  lb)i].  Next  move  each  of  the  systems  to  the  origin  0;  the  forces  remain 

unchanged. 

A:  = HM0  = (5  lb • ft) j + (15  lbft)k  + (2  ft)kx(10  lb)i 

= (25  lb  • ft)j  + (15  lb  • ft)k 

D:  Md  = 1M0  = -(5  lb  • ft) j + (25  lb  • ft)k 

+ [(4.5  ft)j  + (l  ft) j + (2  ft)k]xl0  lb)i 
= (15  lbft)i  + (15  lb  ■ ft)k 

G:  Mg  = £M0  = (15  lb  • ft)i  + (15  lb  • ft)j 

/:  M7  = XMy  = (15  lb  • ft)j - (5  lb  • ft)k 

+ [(4.5  ft)i  + (l  ft) j] x (1 0 lb)j 

= (15  lb  ft)j  — (15  lb  ■ ft)k 

The  equivalent  force-couple  system  is  the  system  at  comer  D.  A 
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PROBLEM  3.105 

•»« 

^ 6 ft"”) 

The  weights  of  two  children  sitting  at  ends  A and  B of  a seesaw 
\ C H are  84  lb  and  64  lb,  respectively.  Where  should  a third  child  sit 

so  that  the  resultant  of  the  weights  of  the  three  children  will 
pass  through  C if  she  weighs  {a)  60  lb,  ( b ) 52  lb. 

SOLUTION 


84  lb 

d 

| YA 

1- 

i . 

A 

/for 

N &- 

CcjH  I b 


(a)  For  the  resultant  weight  to  act  at  C,  ~LMC  =0  Wc  = 60  lb 

Then  (84  Ib)(6  ft)  - 60  lb (d)  - 64  lb(6  ft)  = 0 

(b)  For  the  resultant  weight  to  act  at  C,  ~LMC  =0  Wc  =52  lb 

Then  (84  lb)(6  ft)  - 52  lb(d)  - 64  lb(6  ft)  = 0 


d = 2.00  ft  to  the  right  of  C A 


= 2.3 1 ft  to  the  right  of  C A 
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PROBLEM  3.106 

Three  stage  lights  are  mounted  on  a pipe  as  shown. 
The  lights  at  A and  B each  weigh  4.1  lb,  while  the  one 
at  C weighs  3.5  lb.  (a)  If  d = 25  in.,  determine  the 
distance  from  D to  the  line  of  action  of  the  resultant 
of  the  weights  of  the  three  lights.  ( b ) Determine  the 
value  of  d so  that  the  resultant  of  the  weights  passes 
through  the  midpoint  of  the  pipe. 


SOLUTION 


4.1  \b 

4.1  lb 

3.5  lb 

L 

R 

> A i 

i lb 

, c_  — 

r 

For  equivalence 


or 


lFy:  -4. 1-4. 1-3. 5 — -R  or  R = 1 1.7  lb  I 

ZFd:  -(10  in.)(4.1  lb)  - (44  in.)(4.1  lb) 

-[(4.4  + <7)in.](3.5  lb ) = -(T  in.)(11.7  lb) 

375.4  + 3.5J  = 11.77  ( d,L  in  in.) 


3 


(a)  d = 25  in. 

We  have  375.4  + 3.5(25)  = 11.77  or  7 = 39.6  in. 

The  resultant  passes  through  a Point  39.6  in.  to  the  right  of  D.  4 

C b ) L = 42  in. 

We  have  375.4  + 3.5(7  = 11.7(42)  or  (7  = 33. 1 in.  ◄ 
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PROBLEM  3.107 

A beam  supports  three  loads  of  given  magnitude  and  a fourth  load  whose  magnitude  is  a function  of  position. 
If  b - 1.5  m and  the  loads  are  to  be  replaced  with  a single  equivalent  force,  determine  {a)  the  value  of  a so  that 
the  distance  from  support  A to  the  line  of  action  of  the  equivalent  force  is  maximum,  ( b ) the  magnitude  of  the 
equivalent  force  and  its  point  of  application  on  the  beam. 


SOLUTION 


For  equivalence 


or 


or 


Then  with 


4ooM 


l^OON 


(=y 


loC>©  N 


N 


'LF-  -1300  + 400  — - 400  - 600  = -R 
y b 


R=  \ 2300-400- 

b 


N 


LM  , : A 400^  - a(400)  -(a  + b){ 600)  = -LR 


1 000a  + 6006-200- 


2300-400- 


b = 1.5  m L = 


10a  + 9 — — a2 
3_ 

„ 8 

23 a 

3 


Where  a,  L are  in  m 

(a)  Find  value  of  a to  maximize  L 

dL__ 

da 


8 V 8 

10 a 23  — a 


10a  + 9 a 

3 


"_8 

3 


8 

23  — a 
3 


(1) 


(2) 
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PROBLEM  3.107  (Continued) 

or 

184  80  64  2 80 

230 a a-\ a H a + 24  — 

3 3 9 3 

— a2  = 0 
9 

or 

16a2  -276a + 1143  = 0 

Then 

276  ± J(- 21 6)2  — 4(1 6)(1 143) 

a = 

2(16) 

or 

a = 10.3435  m and  a = 6.9065  m 

Since 

AB  = 9 m,  a must  be  less  than  9 m 

a = 6.91  m 4 

(b)  Using  Eq.(l) 

R = 2300  400  69065 

1.5 

or  R = 458  N ◄ 

10(6.9065) + 9 --(6.9065)2 

and  using  Eq.  (2) 

L=  3 =3. 16m 

23  --(6.9065) 

R is  applied  3.16 

m to  the  right  of  A.  M 
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PROBLEM  3.108 

Gear  C is  rigidly  attached  to  arm  AB.  If  the  forces  and  couple 
shown  can  be  reduced  to  a single  equivalent  force  at  A, 
determine  the  equivalent  force  and  the  magnitude  of  the 
couple  M. 
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PROBLEM  3.109 

A couple  of  magnitude  M-  54  lb  • in.  and  the  three  forces  shown  are 
applied  to  an  angle  bracket.  ( a ) Find  the  resultant  of  this  system  of 
forces.  ( b ) Locate  the  points  where  the  line  of  action  of  the  resultant 
intersects  line  AB  and  line  BC. 


SOLUTION 

o a ) We  have  EF  : R = (— lOj)  + (30  cos  60°)i 

+ 30  sin  60°j  + (-45i) 

= -(30  lb)i  + (15.9808  lb) j 

or  R = 34.0  lb  2^28.0°4 

(b)  First  reduce  the  given  forces  and  couple  to  an  equivalent  force-couple  system  (R,  M5)  at  B. 


We  have 

Then  with  R at  D 

ZMb: 

™b: 

Mb  = (54  lb  • in)  + (12  in.)(10  lb)  - (8  in.)(45  lb) 

= -186  lb  in. 

-186  lb-in -a(15.9808  lb) 

L 

B 

~r 

or 

a = 1 1.64  in. 

V 

c 

and  with  R at  E 

-186  lb  • in  = C(30  lb) 

• 

c 

or  C = 6.2  in. 

The  line  of  action  of  R intersects  line  AB  1 1.64  in.  to  the  left  of  B and  intersects  line  BC  6.20  in. 
below  B.  A 
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PROBLEM  3.110 

A couple  M and  the  three  forces  shown  are  applied  to  an  angle  bracket. 
Find  the  moment  of  the  couple  if  the  line  of  action  of  the  resultant  of  the 
force  system  is  to  pass  through  {a)  Points,  ( b ) Point  B , (c)  Point  C. 


SOLUTION 

In  each  case,  must  have  Mf  = 0 

(a) 

+)  Mba  = ZMa  =M  + ( 12  in.)[(30  lb)  sin  60°]  - (8  in.)(45  lb)  = 0 

M = +48.231  lb  in. 

M = 48.2  lb  •in.') 

◄ 

(b) 

+)  Ml  = Z/V/s  = M + (12  in.)(10  lb)  - (8  in.)(45  lb)  = 0 

M = +240  lb  in. 

.a 

£ 

o 

^T 

<N 

II 

S 

◄ 

(c) 

= ZMC  = M + (12  in.)(10  lb) - (8  in.)[(30  lb)cos60°]  = 0 

O 

II 

M = 0 

◄ 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


271 


340  N 


PROBLEM  3.111 

Four  forces  act  on  a 700  x 375-mm  plate  as  shown,  {a)  Find 
the  resultant  of  these  forces.  ( b ) Locate  the  two  points  where 
the  line  of  action  of  the  resultant  intersects  the  edge  of  the 
plate. 


SOLUTION 

(«) 


ip) 


R = £F 

= (-400  N + 160  N - 760  N)i 
+ (600  N + 300  N + 300  N)j 
= -(1 000  N)i  + (1200  N)j 

R = ^(1000  N)2  +(1200  N)2 
= 1562.09  N 
1200  N 
1000  N 
= -1.20000 
0 = -50.194° 

M"  =ErxF 

= (0.5  m)i  x (300  N + 300  N) j 
= (300  N • m)k 

(300  N • m)k  = xi  x (1200  N)j 
x = 0.25000  m 
x = 250  mm 

(300  N • m)  = x (-1000  N)i 
y = 0.30000  m 
y - 300  mm 


R = 1562  N 2^50.2°  ◄ 


Intersection  250  mm  to  right  of  C and  300  mm  above  C 4 
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PROBLEM  3.112 

Solve  Problem  3.111,  assuming  that  the  760-N  force  is  directed 
to  the  right. 

PROBLEM  3.111  Four  forces  act  on  a 700  x 3 75 -mm  plate  as 
shown,  {a)  Find  the  resultant  of  these  forces.  ( b ) Locate  the  two 
points  where  the  line  of  action  of  the  resultant  intersects  the  edge 
of  the  plate. 
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PROBLEM  3.113 

A truss  supports  the  loading  shown.  Determine  the  equivalent 
force  acting  on  the  truss  and  the  point  of  intersection  of  its 
line  of  action  with  a line  drawn  through  Points  A and  G. 
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PROBLEM  3.114 

Pulleys  A and  B are  mounted  on  bracket  CDEF.  The  tension 
on  each  side  of  the  two  belts  is  as  shown.  Replace  the  four 
forces  with  a single  equivalent  force,  and  determine  where  its 
line  of  action  intersects  the  bottom  edge  of  the  bracket. 
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PROBLEM  3.114  (Continued) 

We  have  IMF:  MF  = -(2801b)(6in.)-801b-in. 

- [(360  lb)  cos  25°](1 .0  in.) 

+[(360  lb)  sin  25°](12  in.)  - 90  lb  • in. 

MF  =-(350.56  lb- in.)k 

To  determine  where  a single  resultant  force  will  intersect  line  FE, 

MF  = dRy 


_ -350.56  lb -in. 

-127 -857  lb 
= 2.741 8 in. 


or  d = 2.74  in.  A 
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PROBLEM  3.115 

A machine  component  is  subjected  to  the  forces  and  couples 
shown.  The  component  is  to  be  held  in  place  by  a single  rivet 
that  can  resist  a force  but  not  a couple.  For  P - 0,  determine  the 
location  of  the  rivet  hole  if  it  is  to  be  located  {a)  on  line  FG, 
(. b ) on  line  GH. 


SOLUTION 


We  have 


■-J  a L_  w 

First  replace  the  applied  forces  and  couples  with  an  equivalent  force-couple  system  at  G. 
Thus  1FX:  200 cos  15° -120 cos  70°  + P = Rx 

or  Rx  = (152.142  + ,P)  N 


lFy:  -200 sin  15° -120 sin  70° -80  = Ry 


or  Ry  = -244.53  N 

XMG  : - (0.47  m)(200  N)  cos  1 5°  + (0.05  m)(200  N)  sin  1 5° 
+ (0.47  m)(120  N) cos 70° -(0.1 9 m)(120  N)sin70° 
- (0.13  m )(P  N)  - (0.59  m)(80  N)  + 42  N • m 


or 

Setting  P = 0 in  Eq.  (1): 
Now  with  R at  / 
or 

and  with  R at  J 
or 


+ 40  N • m = Mg 

Mg  =-(55.544  + 0.13P)N-m 

EMG:  - 55.544  N • m = -a(244.53  N) 
a = 0.227  m 

XMg:  -55.544  N-m  = -6(1 52. 142  N) 
b = 0.365  m 


(a)  The  rivet  hole  is  0.365  m above  G. 

(b)  The  rivet  hole  is  0.227  m to  the  right  of  G. 


(i) 


◄ 

◄ 
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PROBLEM  3.116 

Solve  Problem  3.115,  assuming  that  P - 60  N. 

PROBLEM  3.115  A machine  component  is  subjected  to  the 
forces  and  couples  shown.  The  component  is  to  be  held  in 
place  by  a single  rivet  that  can  resist  a force  but  not  a couple. 
For  P - 0,  determine  the  location  of  the  rivet  hole  if  it  is  to 
be  located  {a)  on  line  FG,  ( b ) on  line  GH. 


SOLUTION 

See  the  solution  to  Problem  3.115  leading  to  the  development  of  Equation  (1) 

and 

Mg  = -(55.544  + 0.13.P)Nm 

Rx  =(152.142  + P)N 

For 

P = 60  N 

We  have 

Rx  =(152.142  + 60) 

Then  with  R at  / 

= 212.14  N 

Mg  =-[55.544  + 0.13(60)] 

= -63.344  Nm 

XMg:  -63.344  N • m = -a(244.53  N) 

or 

a = 0.259  m 

and  with  R at  J 

EMG:  -63.344  N m = -h(2 12. 14  N) 

or 

b = 0.299  m 

(a)  The  rivet  hole 

is  0.299  m above  G. 

◄ 

(b)  The  rivet  hole 

is  0.259  m to  the  right  of  G. 

◄ 
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1 

r 

2 in. 

_L 


PROBLEM  3.117 

A 32-lb  motor  is  mounted  on  the  floor.  Find  the  resultant  of  the 
weight  and  the  forces  exerted  on  the  belt,  and  determine  where 
the  line  of  action  of  the  resultant  intersects  the  floor. 


SOLUTION 

We  have 

14-0  sir>30° 

y 

EF: 

(60  Ib)i  - (32  lb)  j + (140  lb)(cos30°i  + sin  30°  j)  = R 

/ 1 

N 

R = (181.244  lb)i  + (38.0  lb)j 

vA 

A 

or  R = 185.2  lb  11.84°  ◄ 

32  lb  1 

L/C/  , 

Sin. 

' 

We  have 

ZM0:  HM0=xRy 

> - 
_x 

1 

— ' \ GOife 

--i“.  i 

2 in. 

t 

-[(140  lb) cos 30°] [(4  + 2 cos  30°)in.]  - [(140  lb) sin  30°][(2  in.) sin  30°] 

0 

X 

-(60  lb)(2  in.)  = x(38.0  lb) 

x=  1 (-694.97 -70.0 -120)  in. 

38.0 

and 

x = -23.289  in. 

Or,  resultant  intersects  the  base  (x  axis)  23.3  in.  to  the  left  of 

the  vertical  centerline  (y  axis)  of  the  motor.  M 
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PROBLEM  3.118 

As  follower  AB  rolls  along  the  surface  of  member  C,  it  exerts 
a constant  force  F perpendicular  to  the  surface,  (a)  Replace  F 
with  an  equivalent  force-couple  system  at  the  Point  D 
obtained  by  drawing  the  perpendicular  from  the  point  of 
contact  to  the  x axis,  (b)  For  a = 1 m and  b = 2 m,  determine 
the  value  of  x for  which  the  moment  of  the  equivalent  force- 
couple  system  at  D is  maximum. 
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PROBLEM  3.118  (Continued) 


(b)  To  maximize  M,  the  value  of  x must  satisfy 


where,  for 


a- 1 m,  b-  2 m 


M = 


8F(x-x3) 


dM 

dx 


V 1 + 16? 

Vl  + 16x2  (1  - 3x2 ) — (x  — x3 ) 


= 8F- 


^(32x)(1  + 16x2)“1/2 


(l  + 16x2) 


(1  + 1 6x2  )(1  - 3x2 ) - 1 6x(x  - x3 ) = 0 

or  32x4  + 3x2  -1  = 0 

2 —3±J9  — 4(32)( — 1)  2 2 

x2= * v A = 0.136011m2  and  -0.22976  m2 

2(32) 

Using  the  positive  value  of  x2  x = 0.36880  m or  x = 369  mm  A 
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PROBLEM  3.119 

Four  forces  are  applied  to  the  machine  component 
ABDE  as  shown.  Replace  these  forces  by  an  equivalent 
force-couple  system  at  A. 


SOLUTION 


R = -(50  N)j  - (300  N)i  - (120  N)i  - (250  N)k 

R = -(420  N)i  - (50  N)j  - (250  N)k 

rB  = (0.2  m)i 

rD  = (0.2  m)i  + (0.16  m)k 

rE  = (0.2  m)i  - (0. 1 m) j + (0.16  m)k 


vb  x[-(300  N)i-(50  N)j] 

+ rD  x (-250  N)k  + r x ( - 120  N)i 


i 

j 

k 

i 

j 

k 

0.2  m 

0 

0 

+ 

0.2  m 

0 

0.16  m 

-300  N 

-50  N 

0 

0 

0 

-250  N 

j k 


+ 


0.2  m 


-0.1m  0.16  m 


-120  N 0 0 

= -(10  N • m)k  + (50  N • m)j  - (19.2  N • m) j - (12  N • m)k 


Force-couple  system  at  ,4  is 

R = -(420  N)i  - (50  N)j  - (250  N)k  = (30.8  N • m) j - (220  N • m)k  ◄ 
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PROBLEM  3.120 

Two  150-mm-diameter  pulleys  are  mounted 
on  line  shaft  AD.  The  belts  at  B and  C lie  in 
vertical  planes  parallel  to  theyz  plane.  Replace 
the  belt  forces  shown  with  an  equivalent  force- 
couple  system  at  A. 
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PROBLEM  3.121 

While  using  a pencil  sharpener,  a student  applies  the  forces  and 
couple  shown.  ( a ) Determine  the  forces  exerted  at  B and  C knowing 
that  these  forces  and  the  couple  are  equivalent  to  a force-couple 
system  at  A consisting  of  the  force  R = (2.6  lb)i  + R j - (0.7  lb)k 
and  the  couple  = Mx i + (1.0  lb  • ft)j  - (0.72  lb  • ft)k.  (b)  Find 
the  corresponding  values  of  R and  Mx. 


SOLUTION 

{a)  From  the  statement  of  the  problem,  equivalence  requires 

XF:  B + C = R 


or 


and 


or 


or 

Using  Eq.  (1) 

or 

and 


or 


(b)  Eq.  (2)  => 

Using  Eq.  (3) 


EF  • Br+C=  2.6  1b 


Z/y  -Cy=Ry 


(1) 

(2) 


IF-  -C, 


-0.7  lb  or  C,  = 0.7  lb 


EM 

EM,:  (1  lb  • ft)  + 


R 


a ■ ( tb/a  x B + ) + rc/A  x C — Ma 

1.75 


12 


ft 


0 Cy)  = Mx 


J 


(3) 


ZMy: 


3.75 

1 Y 


ft 


(Bx)  + 


l^ftl 

12 


3.5 


(Cx)  + \—  ft  |(0.7  lb)  = 1 lb  - ft 


3.75^  + 1.750,  =9.55 
3.75  Bx  +1.75(2.65,)  = 9.55 
Bx  = 2.5  lb 
C =0.1  lb 


EM.:  - 


^ft 

12 


(C  ) = -0.72  lb -ft 


Cy  = 2.4686  lb 


B = (2.5  lb)i  C = (0.1000  lb)i  - (2.47  lb)j  - (0.700  lb)k  ◄ 


R„ 


-2.47  lb  ◄ 


1 + 


1.75 

~V2 


(2.4686)  = Mx 


or  M =1.360  lb  - ft  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


284 


y 


2 in. 


PROBLEM  3.122 

A mechanic  uses  a crowfoot  wrench  to  loosen  a bolt  at  C.  The 
mechanic  holds  the  socket  wrench  handle  at  Points  A and  B 
and  applies  forces  at  these  points.  Knowing  that  these  forces 
are  equivalent  to  a force-couple  system  at  C consisting  of  the 
force  C = (8  lb)i  + (4  lb)k  and  the  couple  Mc  = (360  lb  • in.)i, 
determine  the  forces  applied  at  A and  at  B when  Az  = 2 lb. 
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PROBLEM  3.122  (Continued) 

From  Equations  (2)  and  (4): 

23J,-8(-3l,)  = 360 

^ = 36  lb  Ay  = 36  lb 

From  Equations  (1)  and  (5): 

2(-Ax-8)  + 8Ax=32 

Ax  = 1.6  lb 

From  Equation  (1): 

Bx  =-(1.6 + 8)  = -9.6  lb 

A = (1 .600  lb)i  - (36.0  lb)j  + (2.00  lb)k  ◄ 

B = -(9.60  lb)i  + (36.0  lb)j  + (2.00  lb)k  ◄ 
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SOLUTION 

We  have 
where 


or 

We  have 
where 


Then 


ZF : R — — R/l5C 


^ BC  ~ 


(42  in.)i  - (96  in.)j  - (16  in.)k 
106  in. 


XM 


A ' lC/A 


R = 2L2jb  _ _ 16k 

^ 106 

= (8.40  lb)i  - (19.20  lb)j  - (3.20  lb)k 
r„,xR  + M=M, 


raA  = (42  in.)i  + (48  in.)k  =-^-(42i  + 48k)ft 

= (3.5  ft)i  + (4.0  ft)k 
R = (8.40  lb)i  - (19.50  lb)j  - (3.20  lb)k 
M = -X bcM 


-42i  + 96j  + 16k 
106 


(13.25  lb -ft) 


= -(5.25  lb  • ft)i  + (12  lb  • ft)j  + (21b  • ft)k 
i j k 
3.5  0 4.0 

8.40  -19.20  -3.20 


lb  • ft  + (— 5.25i  + 12j  + 2k)lb  • ft  = M, 


= (71.55  lb  • ft)i  + (56.80  lb  • ft)j  - (65.20  lb  • ft)k 


or  = (71.6  lb  ■ ft)i  + (56.8  lb  • ft)j  - (65.2  lb  • ft)k  ◄ 
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PROBLEM  3.124 

A mechanic  replaces  a car’s  exhaust  system  by  firmly  clamping  the  catalytic  converter  FG  to  its  mounting 
brackets  H and  / and  then  loosely  assembling  the  mufflers  and  the  exhaust  pipes.  To  position  the  tailpipe  AB , 
he  pushes  in  and  up  at  A while  pulling  down  at  B.  (a)  Replace  the  given  force  system  with  an  equivalent 
force-couple  system  at  D.  (b)  Determine  whether  pipe  CD  tends  to  rotate  clockwise  or  counterclockwise 
relative  to  muffler  DE , as  viewed  by  the  mechanic. 


SOLUTION 

{a)  Equivalence  requires 


and 

where 

Then 


ZF:  R = A + B 


XMr 


= (100  N)(cos  30°j  - sin  30°  k)  - (1 15  N)j 
= -(28.4  N)j  - (50  N)k 


Mr 


: VA/D  X ^4  + r5/D  X ^B 


ya/d  = -(0.48  m)i  - (0.225  m)j  + (1.12  m)k 
yb/d  “ ~(0-38  m)i  + (0.82  m)k 


i 

j 

k 

i 

j 

k 

MD  =100 

-0.48 

-0.225 

1.12 

+ 115 

-0.38 

0 

0.82 

0 

cos 30° 

-sin  30° 

0 

-1 

0 

: 100[(0.225sin  30°-1.12cos  30°)i  + (-0.48sin  30°)j 
+ (-0.48 cos  30°)k]  + 115 [(0.82)i  + (0.38)k] 
:8.56i-24.0j  + 2.13k 
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PROBLEM  3.124  (Continued) 

The  equivalent  force-couple  system  at  D is 

R = -(28.4  N)j  - (50.0  N)k  ◄ 

Md  =(8.56  N m)i-  (24.0  N m)j  + (2.13  N m)k  ◄ 

(b)  Since  (MD)Z  is  positive,  pipe  CD  will  tend  to  rotate  counterclockwise  relative  to  muffler  DE.  A 
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SOLUTION 

(a)  Equivalence  requires 

XF:  R = A + B 


: (1 00  N)(cos  30°  j - sin  30°  k)  - (1 1 5 N)  j 
= —(28.4  N)j-(50  N)k 


and 

where 

Then 


MP: 


: rA/F  x A + rBjF  x B 


rA/F  = -(0.48  m)i  - (0.345  m)j  + (2.10  m)k 
yb/f  =-(0-38  m)i-(0.12  m)j  + (1.80  m)k 


i 

j 

k 

i 

j 

k 

Mf  =100 

-0.48 

-0.345 

2.10 

+ 115 

-0.38 

0.12 

1.80 

0 

cos  30° 

-sin  30° 

0 

-1 

0 

Mf  = 100[(0.345  sin  30°  - 2.10  cos  30°)i  + (-0.48  sin  30°)j 
+ (-0.48  cos  30°)k]  + 115  [(1 .80)i  + (0.38)k] 

= 42.4i  - 24.0  j + 2. 1 3k 
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PROBLEM  3.125  (Continued) 

The  equivalent  force-couple  system  at  F is 

R = -(28.4  N) j - (50  N)k  ◄ 

MF  =(42.4  N m)i-(24.0  N • m)j  + (2.13  N • m)k  ◄ 

(. b ) Since  (MF)Z  is  positive,  pipe  EF  will  tend  to  rotate  counterclockwise  relative  to  the  mechanic.  A 
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PROBLEM  3.126 

The  head-and-motor  assembly  of  a radial  drill  press  was  originally 
positioned  with  arm  AB  parallel  to  the  z axis  and  the  axis  of  the 
chuck  and  bit  parallel  to  they  axis.  The  assembly  was  then  rotated 
25°  about  they  axis  and  20°  about  the  centerline  of  the  horizontal 
arm  AB , bringing  it  into  the  position  shown.  The  drilling  process 
was  started  by  switching  on  the  motor  and  rotating  the  handle  to 
bring  the  bit  into  contact  with  the  workpiece.  Replace  the  force 
and  couple  exerted  by  the  drill  press  with  an  equivalent  force- 
couple  system  at  the  center  O of  the  base  of  the  vertical  column. 


SOLUTION 

We  have 

R = F = (1 1 lb)[(sin20c 

’ cos  25°)]i  - (cos  20°)  j - (sin  20°  sin  25°)k] 

= (3.4097  lb)i  - (10.3366  lb)j  - (1.58998  lb)k 

or 

R = (3.41  lb)i  - (10.34  lb)j  - (1 .590  lb)k 

◄ 

We  have 

Mo  — vB/0  x F x Mc 

where 

rB/0  =[(14in.)sin25°]i  + (15  in.)j  + [(14  in.)cos25°]k  c 

= (5.9167  in.)i  + (15  in.)j  + (12.6883  in.)k  s'?* 

Mc  = (90  lb  • in.) [(sin  20°  cos  25°)i  - (cos  20°)  j - (sin  20°  sin  25°)k] 

\ ! i * 

I \ 1 I 

= (27.898  lb  • in.)i  - (84.572  lb  • in 

,)j- (13.0090  lb  in.)k 

1 \ 1 

i j k 

" "o 

M0  = 

5.9167  15  12.6883 

lb  in. 

M c-  <\0 

3.4097  -10.3366  1.58998 

+(27.898  - 84.572  - 13.0090)  lb  • in. 

= 

(1 35 .202  lb  • in.)i  - (3 1 .90 1 lb  • in.) j - (1 25 .3 1 3 lb  • in.)k 

or  M0  = (135.2  lb  - in.)i  — (31.9  lb  in.). 

j -(125.3  lb- in.)k  4 
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0.5  m 


1 .5  m 


0.25m"  F ^ 0.25m 


PROBLEM  3.127 

Three  children  are  standing  on  a 5x  5-m  raft.  If  the  weights 
of  the  children  at  Points  A,  B , and  C are  375  N,  260  N,  and 
400  N,  respectively,  determine  the  magnitude  and  the  point 
of  application  of  the  resultant  of  the  three  weights. 


SOLUTION 


We  have 


We  have 


We  have 


-(375  N)j  - (260  N)j  - (400  N)j  = R 
-(1035  N)j  = R 


or  R = 1035  N ◄ 


^ Mx ■ FA(zA)  + FB(zB)  + Fc(zc)  = R(zD) 

(375  N)(3  m)  + (260  N)(0.5  m)  + (400  N)(4.75  m)  = (1035  N)(Zl)) 
zD  = 3.0483  m or  Z£)=3.05m-^ 

ZMz:  Fa  (xa  ) + Fb (xb  ) + Fc (xc ) = R(xD ) 


375  N(1  m)  + (260  N)(1.5  m)  + (400  N)(4.75  m)  = (1035  N)(xD) 

xD  = 2.5749  m or  xD  = 2.57  m 4 
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PROBLEM  3.128 

Three  children  are  standing  on  a 5x5-mraft.  The  weights 
of  the  children  at  Points  A,  B , and  C are  375  N,  260  N,  and 
400  N,  respectively.  If  a fourth  child  of  weight  425  N 
climbs  onto  the  raft,  determine  where  she  should  stand  if 
the  other  children  remain  in  the  positions  shown  and  the 
line  of  action  of  the  resultant  of  the  four  weights  is  to  pass 
through  the  center  of  the  raft. 


SOLUTION 


-(375  N)j  - (260  N)j  - (400  N)j  - (425  N)j  = R 
R = -(1460  N)j 


We  have  1LMX\  FA(zA)  + FB(zB)  + Fc(zc)  + FD(zD)  — R(zH) 

(375  N)(3  m)  + (260  N)(0.5  m)  + (400  N)(4.75  m) 

+(425  N)(zd)  = (1460  N)(2.5  m) 

zD-  1.16471m  or  zD=  1.165  m ^ 

We  have  XMZ:  FA{xA)  + FB{xB)  + Fc(xc)  + FD(xD)  = R(xH) 

(375  N)(l  m)  + (260  N)(1.5  m)  + (400  N)(4.75  m) 

+(425  N)(xd)  = (1460  N)(2.5  m) 

xD=  2.3235  m or  xD  = 2.32  m A 
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SOLUTION 


We  have 


Assume  that  the  resultant  R is  applied  at  Point  P whose  coordinates  are  (x,  y,  0). 

Equivalence  then  requires 

£FZ:  -105-90-160-50  = -^ 

or  R = 405  lb  ◄ 

1MX : (5  ft)(l  05  lb)  - (1  ft)(90  lb)  + (3  ft)(l  60  lb) 

+ (5.5  ft)(50  lb)  = -j(405  lb) 

or  y = —2.94  ft 

'LMy:  (5.5  ft)(105  lb)  + (12  ft)(90  lb)  + (14.5  ft)(160  lb) 

+ (22.5  ft)(50  lb)  = -jc(405  lb) 


or  x = 12.60  ft 

R acts  1 2.60  ft  to  the  right  of  member  AB  and  2.94  ft  below  member  BC.  A 
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SOLUTION 

Since  R acts  at  G,  equivalence  then  requires  that  XMG  of  the  applied  system  of  forces  also  be  zero.  Then 

at  G:Z,MX:  -(a + 3)  fix (90  lb)  + (2  ft)(105  lb) 

+ (2.5  ft)(50  lb)  = 0 

or  a = 0.722  ft  A 

Y.My:  -(9  ft)(105  ft) - (14.5 - *)  ftx(90  lb) 

+ (8  ft)(50  lb)  = 0 

or  b = 20.6  ft  ◄ 
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224  N 


PROBLEM  3.131* 

A group  of  students  loads  a 2x3.3-m  flatbed  trailer  with  two 
0.66  x 0.66  x 0.66-m  boxes  and  one  0.66  x 0.66  x 1 .2-m  box. 
Each  of  the  boxes  at  the  rear  of  the  trailer  is  positioned  so  that 
it  is  aligned  with  both  the  back  and  a side  of  the  trailer. 
Determine  the  smallest  load  the  students  should  place  in  a 
second  0.66x0. 66x1. 2-m  box  and  where  on  the  trailer  they 
should  secure  it,  without  any  part  of  the  box  overhanging  the 
sides  of  the  trailer,  if  each  box  is  uniformly  loaded  and  the  line 
of  action  of  the  resultant  of  the  weights  of  the  four  boxes  is  to 
pass  through  the  point  of  intersection  of  the  centerlines  of  the 
trailer  and  the  axle.  (Hint:  Keep  in  mind  that  the  box  may  be 
placed  either  on  its  side  or  on  its  end.) 


SOLUTION 


For  the  smallest  weight  on  the  trailer  so  that  the  resultant  force  of  the  four  weights  acts  over  the  axle  at  the 
intersection  with  the  center  line  of  the  trailer,  the  added  0.66x0. 66x1. 2-m  box  should  be  placed  adjacent  to 
one  of  the  edges  of  the  trailer  with  the  0.66 x 0.66-m  side  on  the  bottom.  The  edges  to  be  considered  are 
based  on  the  location  of  the  resultant  for  the  three  given  weights. 

We  have  ZF : - (224  N)j  - (392  N) j - (176  N) j = R 

R - -(792  N)j 

We  have  : - (224  N)(0.33  m)  - (392  N)(l  .67  m)  - (1 76  N)(l  .67  m)  = (-792  N)(x) 

xR  =1.29101  m 

We  have  ZMX:  (224  N)(0.33  m)  + (392  N)(0.6  m)  + (176  N)(2.0  m)  = (792  N)(z) 

zR  = 0.83475  m 

From  the  statement  of  the  problem,  it  is  known  that  the  resultant  of  R from  the  original  loading  and  the 
lightest  load  W passes  through  G,  the  point  of  intersection  of  the  two  center  lines.  Thus,  ZMG  = 0. 

Further,  since  the  lightest  load  W is  to  be  as  small  as  possible,  the  fourth  box  should  be  placed  as  far  from  G 
as  possible  without  the  box  overhanging  the  trailer.  These  two  requirements  imply 

(0.33  m < x < 1 m)(l  .5  m < z < 2.97  m) 
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PROBLEM  3.131*  (Continued) 

With  xL  = 0.33  m 

at  G:  ZMz:  (1-0.33)  mxWL -(1.29101-1)  mx (792  N)  = 0 

or  WL  = 344.00  N 

Now  must  check  if  this  is  physically  possible, 


at  G:  XMx: 

(ZL  - 1 ,5)m x 344  N)  - (1 .5  - 0.83475)m x (792  N)  = 0 

or 

which  is  not  acceptable. 

ZL  = 3.032  m 

With 

ZL  = 2.97  m: 

at  G:  ZMX: 

(2.97  - 1 ,5)mx  WL  - (1 .5  - 0.83475)m  x (792  N)  = 0 

or 

Now  check  if  this  is  physically  possible 

WL  = 358.42  N 

at  G:  ZMz: 

(1  -XL)mx (358.42  N)  - (1 .29 1 0 1 - l)m x (792  N)  = 0 

or 

X,  = 0.357  m ok! 

The  minimum  weight  of  the  fourth  box  is  WL  = 358  N 4 

And  it  is  placed  on  end  (A  0.66x0.66-m  side  down)  along  side  AB  with  the  center  of  the  box  0.357  m 
from  side  AD.  4 
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PROBLEM  3.132* 


224  N 


Solve  Problem  3.131  if  the  students  want  to  place  as  much 
weight  as  possible  in  the  fourth  box  and  at  least  one  side  of 
the  box  must  coincide  with  a side  of  the  trailer. 

PROBLEM  3.131*  A group  of  students  loads  a 2x3.3-m 
flatbed  trailer  with  two  0.66  x0.66x0.66-m  boxes  and  one 
0.66  x 0.66x1. 2-m  box.  Each  of  the  boxes  at  the  rear  of  the 
trailer  is  positioned  so  that  it  is  aligned  with  both  the  back 
and  a side  of  the  trailer.  Determine  the  smallest  load  the 
students  should  place  in  a second  0.66x0. 66x1. 2-m  box 
and  where  on  the  trailer  they  should  secure  it,  without  any 
part  of  the  box  overhanging  the  sides  of  the  trailer,  if  each 
box  is  uniformly  loaded  and  the  line  of  action  of  the 
resultant  of  the  weights  of  the  four  boxes  is  to  pass  through 
the  point  of  intersection  of  the  centerlines  of  the  trailer  and 
the  axle.  (Hint:  Keep  in  mind  that  the  box  may  be  placed 
either  on  its  side  or  on  its  end.) 


SOLUTION 


First  replace  the  three  known  loads  with  a single  equivalent  force  R applied  at  coordinate  (XR,  0,  ZR) 


Equivalence  requires 


or 


or 


XF  : 

y 


- 224  - 392  - 176  = —R 


R = 792  N \ 

IM;  (0.33  m)(224  N)  + (0.6  m)(392  N) 

+ (2  m)(176  N)  = zR(l 92  N) 

zR  = 0.83475  m 

XMZ:  -(0.33  m)(224N)-  (1.67  m)(392  N) 
-(1.67  m)(l  76  N)  = x*  (792  N) 


or 


x^  =1.29101  m 


From  the  statement  of  the  problem,  it  is  known  that  the  resultant  of  R and  the  heaviest  loads  WH  passes 
through  G,  the  point  of  intersection  of  the  two  center  lines.  Thus, 

IMg  =0 

Further,  since  W#  is  to  be  as  large  as  possible,  the  fourth  box  should  be  placed  as  close  to  G as  possible  while 
keeping  one  of  the  sides  of  the  box  coincident  with  a side  of  the  trailer.  Thus,  the  two  limiting  cases  are 

xH  - 0.6  m or  zH  = 2.7  m 
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PROBLEM  3.132*  (Continued) 


Now  consider  these  two  possibilities 

With  xH  = 0.6  m: 

at  G:  XMZ: 

(1  - 0.6)m  x WH  - (1 .29 1 0 1 - l)m  x (792  N)  = 0 

or 

Checking  if  this  is  physically  possible 

WH  = 576.20  N 

at  G:  XMx: 

(zH  - 1 ,5)m  x (576.20  N)  - (1 .5  - 0.83475)m x (792  N)  = 0 

or 

which  is  acceptable. 

With  zH  = 2.7  m 

zH  = 2.414  m 

at  G:  XMx: 

(2.7 -1.5)  WH  —(1.5  - 0.83475)mx(792  N)  = 0 

or 

WH  = 439  N 

Since  this  is  less  than  the  first  case,  the  maximum  weight  of  the  fourth  box  is 

WH  = 576  N ◄ 

and  it  is  placed  with  a 0.66xl.2-m  side  down,  a 0.66-m  edge  along  side  AD,  and  the  center  2.41  m 

from  side  DC.  A 
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PROBLEM  3.133 

Three  forces  of  the  same  magnitude  P act  on  a cube  of  side  a as 
shown.  Replace  the  three  forces  by  an  equivalent  wrench  and 
determine  ( a ) the  magnitude  and  direction  of  the  resultant  force 
R,  ( b ) the  pitch  of  the  wrench,  (c)  the  axis  of  the  wrench. 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


301 


PROBLEM  3.134* 

A piece  of  sheet  metal  is  bent  into  the  shape  shown  and  is  acted 
upon  by  three  forces.  If  the  forces  have  the  same  magnitude  P, 
replace  them  with  an  equivalent  wrench  and  determine  (a)  the 
magnitude  and  the  direction  of  the  resultant  force  R,  (b)  the  pitch 
of  the  wrench,  (c)  the  axis  of  the  wrench. 
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PROBLEM  3.134*  (Continued) 


(c)  The  components  of  the  wrench  are  (R,  Mj),  where  Mj  -Mx  ^axis,  and  the  axis  of  the  wrench  is 
assumed  to  intersect  the  xy  plane  at  Point  Q whose  coordinates  are  (x,  y,  0).  Thus  require 


Mz  =rQxRR 

Where  Mz  = M0  x Mj 

Then 


aP 


-i  - j + — k aP\i  = (xi  + jj)  + P\l 


Equating  coefficients 


i : -aP  = yP  or  y = —a 
j : —aP  = —xP  or  x — a 


The  axis  of  the  wrench  is  parallel  to  the  z axis  and  intersects  the  xy  plane  at  x = a,  y = -a.  A 
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y 

PROBLEM  3.135* 

1 N-m 

The  forces  and  couples  shown  are  applied  to  two  screws  as  a piece 

of  sheet  metal  is  fastened  to  a block  of  wood.  Reduce  the  forces  and 

o, 

15  N 

the  couples  to  an  equivalent  wrench  and  determine  (a)  the  resultant 
force  R,  (b)  the  pitch  of  the  wrench,  (c)  the  point  where  the  axis  of 

the  wrench  intersects  the  xz  plane. 

WFj  > 

i/T  N. 

^^20  N / 
41 

Vs<'\  x 

\ 

1(X)  mm 

SOLUTION 

First,  reduce  the  given  force  system  to  a force-couple  system. 

We  have 

£F:  - (20 N)i - (15  N)j  = R R=  25  N 

We  have 

EM0:  E(r0xF)  + EMc=Mo 

M*  = -20  N(0. 1 m)j  - (4  N • m)i  -(IN-  m)j 

= -(4  N • m)i  - (3  N • m)  j 

(a) 

R = -(20.0  N)i  — (1 5.0  N)j  ◄ 

( b ) We  have 

A = -| 

V 

= (— 0.8i  - 0.6j)  • [-(4  N • m)]i  - (3  N • m)j] 

. 

= 5 N • m 

~y 

0 * 

Pitch 

Mi  5 N-m  _ ___ 

p = — 1 = = 0.200  m 

R 25  N 

✓*> 

or  p-  0.200  m A 

(c)  From  above  note  that 

Mj  = M* 

Therefore,  the  axis  of  the  wrench  goes  through  the  origin.  The  line  of  action  of  the  wrench  lies  in  the  xy 

plane  with  a slope  of 

3 * 

y = ~x  ◄ 
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PROBLEM  3.136* 

The  forces  and  couples  shown  are  applied  to  two  screws  as  a piece 
of  sheet  metal  is  fastened  to  a block  of  wood.  Reduce  the  forces  and 
the  couples  to  an  equivalent  wrench  and  determine  {a)  the  resultant 
force  R,  ( b ) the  pitch  of  the  wrench,  (c)  the  point  where  the  axis  of 
the  wrench  intersects  the  xz  plane. 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


305 


PROBLEM  3.136*  (Continued) 

(c)  We  have 

Mq  =Mj  +m2 

M2  =m£-M1  = (35  lb  • in.)i 

Require 

^2  = rQ/0  X ^ 

(35  lb  • in.)i  = (xi  + zk)  x [-(2 1 lb) j] 

35i  = -(21x)k  + (21z)i 

From  i: 

35  = 21z 

z = 1.66667  in. 

From  k: 

0 = -21x 

z = 0 

The  axis  of  the  wrench  is  parallel  to  the  y axis  and  intersects  the  xz  plane  at  x = 0,  z = 1 .667  in.  4 
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PROBLEM  3.137* 

Two  bolts  at  A and  B are  tightened  by  applying  the  forces 
and  couples  shown.  Replace  the  two  wrenches  with  a 
single  equivalent  wrench  and  determine  (a)  the  resultant 
R,  (b)  the  pitch  of  the  single  equivalent  wrench,  (c)  the 
point  where  the  axis  of  the  wrench  intersects  the  xz  plane. 


0.4  m 
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PROBLEM  3.137*  (Continued) 

(c)  We  have 

= M,  +M2 

M2  = M*  - Mj  = [(-15. 6i  + 2j  - 82.4k)  - (40.102j  - 38.192k)]  N • m 
= -(15.6  N • m)i  + (42.102  N • m)  j - (44.208  N • m)k 

Require 

^2  = XQ10  X ^ 

(-15. 6i  + 42. 1 02 j - 44.208k)  = (xi  + zk)x  (84 j - 80k) 

= (84z)i  + (80x)  j - (84x)k 

From  i: 

-15.6  = 84z 

z = -0.185714  m 

or 

z = -0.1857  m 

From  k: 

-44.208  = -84x 

x = 0.52629  m 

or 

x = 0.526  m 

The  axis  of  the  wrench  intersects  the  xz  plane  at 

x = 0.526  m y = 0 z = -0. 1 857  m A 
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SOLUTION 


First,  reduce  the  given  force  system  to  a force-couple  at  the  origin  at  B. 


8 . 15  . . _ 

— 1 + — j = R 
v17  17  1 


(a)  We  have  IF:  -(26.4  lb)k  -(17  lb) 


and  R = 3 1 .4  lb 


We  have  IMB : vAIB  x + MB  = Mg 


R = -(8.00  lb)i  - (15.00  lb)j  - (26.4  lb)k  ◄ 


Mg  = 


i j k 

0 -10  0 
0 0 -26.4 


-220k  -238  — 1+  — l 
V 17  17 


/ 8 . 15  . 

1 — 1+  — l 


= 264i  - 220k  - 1 4(8i  + 1 5 j) 


Mg  = (152  lb  • in.)i  - (210  lb  • in.)j  - (220  lb  • in.)k 


( b ) We  have 


m,  = ir-m Ro  lR=^ 

K 

_-8.00i-15.00j- 26.4k 
31.4 

= 246.56  lb  in. 


[(152  lb  • in.)i  - (210  lb  • in.)j  - (220  lb  • in.)k] 
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PROBLEM  3.138*  (Continued) 


and 

Then  pitch 
(c)  We  have 


Require 


M1  = MXAR  = -(62.818  lb  • in.)i  - (1 17.783  lb  • in.)j  - (207.30  lb  • in.)k 
Mx  _ 246.56  lb  in 


P = 


R 


31.41b 


- = 7.8522  in. 


or  p = 7.85  in.  A 


Mg  = Mj  + M2 

M2  =Mg  -Mj  = (152i  — 21  Oj  — 220k) - ( — 62.81 8i - 1 17. 783 j - 207.30k) 
= (214.82  lb  • in.)i  - (92.217  lb  • in.)j  - (12.7000  lb  • in.)k 

^2  = rQ/B  X ® 


214.82i-92.217j- 12.7000k 


i j k 

X 0 Z 

-8  -15  -26.4 


= (1 5z)i  - (8z)j  + (26.4x) j - (1 5x)k 
Fromi:  214.82  = 15z  z = 14.3213  in. 

Fromk:  -12.7000  = -15x  x = 0.84667  in. 

The  axis  of  the  wrench  intersects  the  xz  plane  at  x = 0.847  in.  y = 0 z = 14.32  in.  M 
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PROBLEM  3.139* 


Two  ropes  attached  at  A and  B are  used  to  move  the  trunk  of  a 
fallen  tree.  Replace  the  forces  exerted  by  the  ropes  with  an 
equivalent  wrench  and  determine  (a)  the  resultant  force  R, 
(b)  the  pitch  of  the  wrench,  (< c ) the  point  where  the  axis  of  the 
wrench  intersects  theyz  plane. 


SOLUTION 

(a)  First  replace  the  given  forces  with  an  equivalent  force-couple  system  (r,  ) at  the  origin. 

We  have 

dAC  = V(6)2  + (2)2  + (9)2  =11  m 

= 15  m 


^=V(14)2  + (2)2+(5)2 


Then 


1 AC 


1650  N 
11 


:(6i  + 2j  + 9k) 


= (900  N)i  + (300  N)j  + (1350  N)k 


and 


Tbd  ~ 


1500  N 
15 


= (14i  + 2j  + 5k) 


= (1400  N)i  + (200  N)j  + (500  N)k 


Equivalence  then  requires 

£F: 


— TAC  + ^BD 


= (900i  + 300j  + 1350k) 

+(1400i  + 200j  + 500k) 

= (2300  N)i  + (500  N) j + (1 850  N)k 

EM0 : M0  = rA  x TAC  + rB  x Tg^ 

= (12  m)k  x [(900  N)i  + (300  N)j  + (1350  N)k] 

+ (9  m)i  x [(1400  N)i  + (200  N)j  + (500  N)k] 

= -(3600)i  + (1 0800  - 4500)  j + (1 800)k 
= -(3600  N • m)i  + (6300  N • m)j  + (1800  N • m)k 

The  components  of  the  wrench  are  (R,  Mj),  where 

R = (2300  N)i  + (500  N)j  + (1850  N)k 
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PROBLEM  3.139*  (Continued) 


(Z?)  We  have 


Let 


Then 


Finally 


R = 100V(23)2  +(5)2  +(18.5)2  = 2993.7  N 


, = *=. 

**  QY1C 


1 


R 29.937 


(23i  + 5j  + 18.5k) 


- A,axis  • Mc 


1 


29.937 

1 


(23i  + 5j  + 1 8.5k)  • (-3600i  + 6300 j + 1 800k) 
[(23)(  36)  + (5)(63)  + (18.5)(18)] 


0.29937 
= -601.26  N-m 

M j _ -601.26  N m 


2993.7  N 


or  P = -0.201  m A 


(< c ) We  have 


or 

Now 


- MjLaxis 

= (-60 1 .26  N • m) x — - — (23i  + 5 j + 1 8.5k) 

29.937 

Mj  = -(461.93  N • m)i  - (100.421  N ■ m) j - (371.56  N • m)k 

M2  =Mo-M, 

= (-3600i  + 6300j  + 1800k) 

- (-46 1 ,93i  - 1 00.42 1 j - 37 1 ,56k) 

= -(3138. 1 N • m)i  + (6400.4  N • m)j  + (2171.6  N • m)k 


For  equivalence 
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PROBLEM  3.139*  (Continued) 


Thus  require 
Substituting 


m2  = yp  x r r - (yi  + zk) 


-3138.1i  + 6400.4j  + 2171.6k 


i j k 

0 y z 

2300  500  1850 


Equating  coefficients 

j:  6400.4  = 2300z  or  z = 2.78  m 

k:  2171.6  = -2300;;  or  y = -0.944  m 

The  axis  of  the  wrench  intersects  the  jz  plane  at  y = -0.944  m z = 2.78  m 


◄ 
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PROBLEM  3.140* 

A flagpole  is  guyed  by  three  cables.  If  the  tensions  in  the 
cables  have  the  same  magnitude  P,  replace  the  forces  exerted 
on  the  pole  with  an  equivalent  wrench  and  determine  ( a ) the 
resultant  force  R,  (b)  the  pitch  of  the  wrench,  (c)  the  point 
where  the  axis  of  the  wrench  intersects  the  xz  plane. 


SOLUTION 


(a)  First  reduce  the  given  force  system  to  a force-couple  at  the  origin. 
We  have  XF : PkBA  + PkDC  + P^de  ~ R 


174. 

3,  ^ 

f 3 . 

4.1 

(-9. 

4 . 

12 , 11 

— J- 

-k 

+ -i 

J 

+ 

J + 

LUJ 

5 J 

u 

5 J 

L 25 

5 

25  )\ 

V(2)2  +(20)2  +(1)2 


nAp 

25 


R = — (2i-20j-k)  ◄ 


We  have 
(24a)  jx 


XM:  X(r0  xP)  = M 


-4  P.  3 P 
1 k 

5 5, 


+ (20a)jx 


3 P . 4P  . 
— i — “I 


+ (20a)  j x 


-9  P . 4 P . 

i ' 

25  5 


12 P, 
~25 


i j + — — k I = M 


_ 24Pa  (_i  _ k) 
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(, b ) We  have 

where 

Then 

and  pitch 


(C) 


PROBLEM  3.140*  (Continued) 


A*  = — = — (2i-20j-k)  2^_  = — ^=(2i-20j-k) 

R R 25 V ' 21^JSP  975 

nr  1 ix  24 Pa,  . 1X  -8,Pa 

Mx  = — =(2i-20j-k) (-1  - k)  = - 


1 975 

A/,  _ -8 Pa 


1575 


/>  = 


R 15T5U7T5P 


25 


-8a 

"sT 


or  p- -0.0988a  <4 


Mj  = MxAr  = 


-8  Pa 


/ 1 A 


1575  l975y 


8 Pa 


(2i  - 20  j - k)  = — — (-2i  + 20  j + k) 
675 


94  Pn  8 Pn  8 Pn 

Then  M2  = m£  - M,  = (-i  - k) (-21  + 20j  + k)  = (-43 Oi  - 20j  - 406k) 

5 675  675 


Require 


" YQ!0  X ^ 


8 Pa  A ( 3 P 

(—4031  - 20 j - 406k)  = (jd  + zk)  x 


675 


(2i  - 20j  - k) 


25  j 


Fromi:  8(-* 

From  k:  8(-^ 

The  axis  of  the  wrench  intersects  the  xz  plane  at 


Pa 

' 3P ^ 

= 20z 

675 

v25  J 

Pa 

( 3 P 

= -20x  

675 

\ 25 

v25. 

[20zi  + (x  + 2z)  j - 20xk] 


z = -1.99012a 


: = 2.00a,  z — — 1 .990a  4 
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PROBLEM  3.141* 

Determine  whether  the  force-and-couple  system  shown  can  be 
reduced  to  a single  equivalent  force  R.  If  it  can,  determine  R 
and  the  point  where  the  line  of  action  of  R intersects  the  yz 
plane.  If  it  cannot  be  so  reduced,  replace  the  given  system  with 
an  equivalent  wrench  and  determine  its  resultant,  its  pitch,  and 
the  point  where  its  axis  intersects  the  yz  plane. 


SOLUTION 

First,  reduce  the  given  force  system  to  a force-couple  at  the  origin. 

We  have  XF : F^  + FG  = R 

(40  mm)i  + (60  mm)j  - (120  mm)k 


140  mm 


and 

We  have 


R = (50  N)k  + 70  N 

= (20  N)i  + (30  N)j  - (10  N)k 
R = 37.417  N 


XM0:  X(r0xF)  + XMc  = M£ 

m£  = [(0.12  m) j x (50  N)k]  + {(0.16  m)i  x [(20  N)i  + (30  N) j - (60  N)k] } 


+ (10  Nm) 


+ (14  N • m) 


(1 60  mm)i  - (1 20  mm)  j 
200  mm 

(40  mm)i  - (120  mm)j  + (60  mm)k 
140  mm 


M£  = (18  N • m)i  - (8.4  N • m)j  + (10.8  N • m)k 

To  be  able  to  reduce  the  original  forces  and  couples  to  a single  equivalent  force,  R and  M must  be 
perpendicular.  Thus,  R M = 0. 

Substituting 


(20i  + 30 j - 1 0k)  • (1 8i  - 8.4 j + 10.8k)  = 0 
(20)(18)  + (30)(-8.4)  + (-10X10.8)  = 0 


or 


or 


0=0 


R and  M are  perpendicular  so  that  the  given  system  can  be  reduced  to  the  single  equivalent  force 

R = (20.0  N)i  + (30.0  N)j-  (10.00  N)k  ◄ 
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PROBLEM  3.141*  (Continued) 


Then  for  equivalence 


Thus  require 
Substituting 


Equating  coefficients 


1 8i  — 8.4j  H-  10.8k 


i j k 

0 y z 

20  30  -10 


j:  - 8.4  = 20z  or  z = -0.42  m 
k:  10.8  = -20  v or  y = -0.54  m 


The  line  of  action  of  R intersects  the  jz  plane  at  x = 0 y — -0.540  m z = -0.420  m 


◄ 
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PROBLEM  3.142* 

Determine  whether  the  force-and-couple  system  shown  can  be 
reduced  to  a single  equivalent  force  R.  If  it  can,  determine  R 
and  the  point  where  the  line  of  action  of  R intersects  the  yz 
plane.  If  it  cannot  be  so  reduced,  replace  the  given  system  with 
an  equivalent  wrench  and  determine  its  resultant,  its  pitch,  and 
the  point  where  its  axis  intersects  the  yz  plane. 


SOLUTION 

First  determine  the  resultant  of  the  forces  at  D.  We  have 

dDA=f- 12)2+(9)2+(8)2  =17  in. 

dED=f~6)2+( 0)2+(-8)2  =10  in. 

Then 

fd.4  =-jy-  = (-12i  + 9j  + 8k) 

= -(24  lb)i  + (18  lb)j  + (16  lb)k 

and 

F£n=^  = (-6i-8k) 

= -(1 8 lb)i  - (24  lb)k 

Then 

% 

& 

II 

+ 

§ 

= (-24i  + 1 8 j + 1 6k  + (-1 8i  - 24k) 

= -(42  lb)i  + (18  lb)j  - (8  lb)k 

For  the  applied  couple 

dAK  = f-6)2  + (-6)2  + (18)2  = (yJU  in. 

Then 

160  lb  • in.  _ 101  . 

M = — ^== — (-6i-6j  + 18k) 

_ 160^[_(i  ^ - (1  lb  • in.)j  + (3  lb  • in.)k] 
v 1 1 

To  be  able  to  reduce  the  original  forces  and  couple  to  a single  equivalent  force,  R and  M 

must  be  perpendicular.  Thus 

R M=0 
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PROBLEM  3.142*  (Continued) 


Substituting 


160  ^ 

(-42i  + 18  j - 8k)  • -^=(-i  - j + 3k)  = 0 


or 


I^[(_42)(-i)  + (1 8)(-l)  + (-8X3)]  = 0 


or  0=0 

R and  M are  perpendicular  so  that  the  given  system  can  be  reduced  to  the  single  equivalent  force 

R = -(42.0  lb)i  + (18.00  lb) j — (8.00  lb)k 


Then  for  equivalence 


Thus  require 


M " rP/D 


xR 


where 

Substituting 


Equating  coefficients 


rp/D  = “(12  in-)i  + [O'  ~ 3)in.]j  + (z  in.)k 


i j k 

-12  (y-  3)  z 

-42  18  -8 

- \{y  - 3)(-8)  - (z)(l  8)]i 
+ [(z)(-42)-(-12)(-8)]j 
+ [(— 12)(1 8)  - (y  - 3)(-42)]k 


160 

7TT 


(-i  - j + 3k) : 


j: 

k: 


160 

“ VTT 

480  _ 

7TT  = 


-42z-96 


-216  + 42(^-3) 


or  z = -1.137  in. 
or  y = 11.59  in. 


The  line  of  action  of  R intersects  the  yz  plane  at  x = 0 y = 11.59in.  z = -1.137in. 


◄ 


◄ 
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PROBLEM  3.143* 

Replace  the  wrench  shown  with  an  equivalent  system  consisting  of  two 
forces  perpendicular  to  they  axis  and  applied  respectively  at  A and  B. 


SOLUTION 


Express  the  forces  at  A and  B as 


A = Ax  i + Azk 
B = £xi  + 5zk 

Then,  for  equivalence  to  the  given  force  system 


~SdFx ; A.x  + Bx  — 0 

£FZ:  AZ+BZ=R 

Y.MX.  Az(a)  + Bz(a  + b)  = 0 

SMZ:  -Ax(a)-Bx(a  + b)  = M 

From  Equation  (1), 

1 

II 

Substitute  into  Equation  (4) 

-Ax  ( a ) + Ax(a  + b)  = M 

A M M 

Ar=  — and  Br= 

x b x b 

From  Equation  (2), 

BZ=R~AZ 

and  Equation  (3), 

Aza  + (R-  Az  )(a  + b)  = 0 

and 


4 


= R 


Bz  =R-R 


Then 


(2) 

(3) 

(4) 


B : 


/ 


4 R 
b 


\ 

J 

\ 

J 


k ◄ 
k ◄ 
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PROBLEM  3.144* 

Show  that,  in  general,  a wrench  can  be  replaced  with  two  forces  chosen  in  such  a way  that  one  force  passes 
through  a given  point  while  the  other  force  lies  in  a given  plane. 


SOLUTION 


First,  choose  a coordinate  system  so  that  the  xy  plane  coincides  with  the  given  plane.  Also,  position  the 
coordinate  system  so  that  the  line  of  action  of  the  wrench  passes  through  the  origin  as  shown  in  Figure  a. 
Since  the  orientation  of  the  plane  and  the  components  (R,  M)  of  the  wrench  are  known,  it  follows  that  the 
scalar  components  of  R and  M are  known  relative  to  the  shown  coordinate  system. 

A force  system  to  be  shown  as  equivalent  is  illustrated  in  Figure  b.  Let  A be  the  force  passing  through  the 
given  Point  P and  B be  the  force  that  lies  in  the  given  plane.  Let  b be  the  x-axis  intercept  of  B. 

The  known  components  of  the  wrench  can  be  expressed  as 

R = RA  + Rv j + R k and  M = MA  + Mi  + Mk 

while  the  unknown  forces  A and  B can  be  expressed  as 

A = AA  + Av\  + A7k  and  B-BA+Bk 

x yj  z x z 

Since  the  position  vector  of  Point  P is  given,  it  follows  that  the  scalar  components  (x,  y,  z)  of  the 
position  vector  i>  are  also  known. 

Then,  for  equivalence  of  the  two  systems 

^Fx:  Rx=Ax+Bx 

• Ry  = Ay 

Z/y  RZ=AZ+BZ 
ZMX:  Mx=yAz-zAy 
ZMy : My  = zAx  - xAz  - bBz 
ZMz:  Mz  = xAy  — yAx 

Based  on  the  above  six  independent  equations  for  the  six  unknowns  (Ax,  A.  . Az,  Bx,  By,  Bz,  b),  there 
exists  a unique  solution  for  A and  B. 

From  Equation  (2)  Ay=Ry  A 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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Equation  (6) 

Equation  (1) 

Equation  (4) 

Equation  (3) 

Equation  (5) 


PROBLEM  3.144*  (Continued) 


£ =R 


y) 


y 


( xRy  - Mz ) ◄ 


(xRy-Mz)  ◄ 


(■ Mx+zRy ) ◄ 


B,  =R 


(Mx+zRy)  ◄ 


\.yj 

(xMx  + + zMz ) 

(Mx-yRz+zRv) 
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PROBLEM  3.145* 

Show  that  a wrench  can  be  replaced  with  two  perpendicular  forces,  one  of  which  is  applied  at  a given  point. 


SOLUTION 


First,  observe  that  it  is  always  possible  to  construct  a line  perpendicular  to  a given  line  so  that  the  constructed 
line  also  passes  through  a given  point.  Thus,  it  is  possible  to  align  one  of  the  coordinate  axes  of  a rectangular 
coordinate  system  with  the  axis  of  the  wrench  while  one  of  the  other  axes  passes  through  the  given  point. 

See  Figures  a and  b. 

We  have  R = R\  and  M = M]  and  are  known. 

The  unknown  forces  A and  B can  be  expressed  as 

A = AJ  + Ay  j + Azk  and  B = Bxi  + By  j + Bz  k 

The  distance  a is  known.  It  is  assumed  that  force  B intersects  the  xz  plane  at  (x,  0,  z).  The  for  equivalence 


XF  : 

0 - Ax  + Bx 

(i) 

v y 

ocT 

+ 

II 

(2) 

0 = Az+Bz 

(3) 

™x: 

0 = ~ZBy 

(4) 

ZMy: 

M = -aAz  - xBz  + zBx 

(5) 

ZMz: 

0 = a Ay  + xBy 

(6) 

Since  A and  B are  made  perpendicular, 

A B 

- 0 or  AXBX  + Ay  By  + AZBZ  = 0 

(7) 

There  are  eight  unknowns:  Ax,  Ay,  Az,  Bx,  By,  Bz,  x,  z 

But  only  seven  independent  equations.  Therefore,  there  exists  an  infinite  number  of  solutions. 
Next  consider  Equation  (4):  0 = - zBy 

If  By  = 0,  Equation  (7)  becomes  AXBX  + AZBZ  = 0 

Using  Equations  (1)  and  (3)  this  equation  becomes  Ax  + Az  = 0 
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PROBLEM  3.145*  (Continued) 

Since  the  components  of  A must  be  real,  a nontrivial  solution  is  not  possible.  Thus,  it  is  required  that  By  ^ 0, 
so  that  from  Equation  (4),  z = 0. 

To  obtain  one  possible  solution,  arbitrarily  let  Ax-  0. 

(Note:  Setting  Ay,  Az,or  Bz  equal  to  zero  results  in  unacceptable  solutions.) 

The  defining  equations  then  become 

0 = BV 


Then  Equation  (2)  can  be  written 
Equation  (3)  can  be  written 

Equation  (6)  can  be  written 

Substituting  into  Equation  (5)', 


R - Ay  + By 


0 = AZ+BZ 
M -- aA, , - xB„ 


0 = a Ay  + xBy 
AyBy  + AZBZ  = 0 

Ay  =R~  By 


B„  = - A, 


x = — 


a^y 

B„ 


R-B„ 


or 


Substituting  into  Equation  (7)', 


1 

1 

II 

-a 

B. 

V 

j 

M 

II 

1 

bo 

aR  y 

( M n \ 

M „ 

>v  + Bv 

— A 

y \ aR  y ) 

\aR  } 

(~AZ) 


y 7 


or 


aR 3 


a2  R2  + M2 


Then  from  Equations  (2),  (8),  and  (3) 


Ay=R- 


2 d2 

a R 


RM 


a2  R2  + M2 


a2  R2  + M2 


aR 


a2R3 


Ka2R2  +M2 


_aR2M_ 

a2R2+M 2 


aRrM 
a2  R2  + M2 


(1)' 

(2) 

(3) 

(5) ' 

(6) 

(7)' 


(8) 
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PROBLEM  3.145*  (Continued) 


In  summary 

A=  2*?*  am 

a R +M 

B = 2Df2„2^j  + Mk) 

aR 2 + M2 


◄ 

◄ 


Which  shows  that  it  is  possible  to  replace  a wrench  with  two  perpendicular  forces,  one  of  which  is  applied  at 
a given  point. 

Lastly,  if  R > 0 and  M > 0,  it  follows  from  the  equations  found  for  A and  B that  Ay  > 0 and  By>  0. 


From  Equation  (6),  x < 0 (assuming  a > 0).  Then,  as  a consequence  of  letting  Ax  = 0,  force  A lies  in  a 
plane  parallel  to  the  yz  plane  and  to  the  right  of  the  origin,  while  force  B lies  in  a plane  parallel  to  the  yz  plane 
but  to  the  left  to  the  origin,  as  shown  in  the  figure  below. 
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PROBLEM  3.146* 

Show  that  a wrench  can  be  replaced  with  two  forces,  one  of  which  has  a prescribed  line  of  action. 


SOLUTION 


First,  choose  a rectangular  coordinate  system  where  one  axis  coincides  with  the  axis  of  the  wrench  and 
another  axis  intersects  the  prescribed  line  of  action  (AA').  Note  that  it  has  been  assumed  that  the  line  of  action 
of  force  B intersects  the  xz  plane  at  Point  P(x,  0,  z).  Denoting  the  known  direction  of  line  AA'  by 

A*a  — Afi  + hy  j + /i2k 

it  follows  that  force  A can  be  expressed  as 

A = AXa  = A(Xx  i + Xy\  + Xzk) 

Force  B can  be  expressed  as 

B - Bx\  + By\  + Bzk 

Next,  observe  that  since  the  axis  of  the  wrench  and  the  prescribed  line  of  action  A A'  are  known,  it  follows  that 
the  distance  a can  be  determined.  In  the  following  solution,  it  is  assumed  that  a is  known. 

Then,  for  equivalence 


ZF  : 

0 = AXx  + Bx 

(i) 

™r 

R = AXy  + By 

(2) 

ZF2: 

0 = AXZ  + Bz 

(3) 

0 

II 

1 

kL 

(4) 

EMy: 

M = -aAAz  + zBx  - xBz 

(5) 

ZMX: 

0 = -aAAy  + xBy 

(6) 

Since  there  are  six  unknowns  (A,  Bx , By,  Bz , x,  z)  and  six  independent  equations,  it  will  be  possible  to 
obtain  a solution. 
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PROBLEM  3.146*  (Continued) 


Case  1 : Let  z = 0 to  satisfy  Equation  (4) 
Now  Equation  (2) 

Equation  (3) 


Equation  (6) 

Substitution  into  Equation  (5) 


Substitution  into  Equation  (2) 


Then 


In  summary 


and 


AAy  -R- By 
B=-AA r 


aAA 


f \ 

a 


x = — 


Bv 


kb>j 


M = - aAA „ 


- 

f \ 

a 

2? 

_ 

v y J 

(R~BV) 


(r-bv)(-aaz) 


CaR'  y 


1 M 


R = — 

XAaRj 


By  Ay  + By 


B 


AaR 


2 


37  AmR-AM 
A = 


y 

MR 


R 


AzaR-AyM  n i 

y M z 


Bv  = -AAV 


B „ = -AA, 


AMR 


AzaR  - AyM 
AZMR 

AzaR-AyM 


B 


R 


A = - 


is-*'* 


A A, 

y M ' 


AzaR  - AyM 


(AXM  + AzaR\  + AzMk)  ◄ 


x — a 


- a 


1-— 

Byj 


1 -R 


AzaR-AyMy 
AzaR2  j 


or  x = 


X.R 


Note  that  for  this  case,  the  lines  of  action  of  both  A and  B intersect  the  x axis. 
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PROBLEM  3.146*  (Continued) 


Case  2\  Let  B = 0 to  satisfy  Equation  (4) 


Now  Equation  (2) 

Equation  (1) 

Equation  (3) 

Equation  (6) 

Substitution  into  Equation  (5) 


A = 


R 

X 


Bv  =-R 


B,  =-R 


Ay 


Ay  J 


aAA  = 0 which  requires  a-  0 


M = z 

-R 

[AT 

-x 

-R 

U] 

or  Azx-Axz  = (— 

aJ 

UJ 

UJ 

A, 


This  last  expression  is  the  equation  for  the  line  of  action  of  force  B. 
In  summary 


f \ 

R 


B = 


Ay  J 
f ^ 

R 


Ay, 


(-Axi-Axk) 


Assuming  that  Ax,  A , Az  > 0,  the  equivalent  force  system  is  as  shown  below. 


Note  that  the  component  of  A in  the  xz  plane  is  parallel  to  B. 
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PROBLEM  3.147 

A crate  of  mass  80  kg  is  held  in  the  position  shown.  Determine 

(a)  the  moment  produced  by  the  weight  W of  the  crate  about  E , 

(b)  the  smallest  force  applied  at  B that  creates  a moment  of 
equal  magnitude  and  opposite  sense  about  E. 


SOLUTION 


0.25  rn 


A 

W 

(a)  By  definition  W - mg  - 80  kg(9.81  m/s2)  = 784.8  N 

r 

r 

We  have  HME:  ME  = (784.8  N)(0.25  m) 


M£  =196.2N-m  )< 


(, b ) For  the  force  at  B to  be  the  smallest,  resulting  in  a moment  (M^)  about  E , the  line  of  action  of  force  ¥B 

must  be  perpendicular  to  the  line  connecting  E to  B.  The  sense  of  ¥B  must  be  such  that  the  force 
produces  a counterclockwise  moment  about  E. 


Note: 

We  have 


and 


or 


¥B  = 199.0  N 59.5°  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


329 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


330 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


331 


PROBLEM  3.150 

Ropes  AB  and  BC  are  two  of  the  ropes  used  to 
support  a tent.  The  two  ropes  are  attached  to  a 
stake  at  B.  If  the  tension  in  rope  AB  is  540  N, 
determine  (a)  the  angle  between  rope  AB  and 
the  stake,  (b)  the  projection  on  the  stake  of  the 
force  exerted  by  rope  AB  at  Point  B. 


SOLUTION 

First  note 

BA  = f-3)2  + (3 )2  + (-1 ,5)2  = 4.5  m 

BD  = f-0M)2  +(0.38)2  +(0.16)2  =0.42  m 

Then 

T^=f?(-3i  + 3j_L5k) 

= Zk(- 2i  + 2j-k) 

XBn  = BD  = 1 ( 0.08i  + 0.38j  + 0.16k) 

BD  BD  0.42 

= i_(-4i  + 19j  + 8k) 

(a)  We  have 

T BA  ' ^ BD  = TbA  cos$ 

or 

-y-(-2i  + 2j  - k)  ~(-4i  + 19j  + 8k)  = TBA  cos 0 

or 

cos  Q = 2)(— 4)  + (2)(19)  + (-1X8)] 

63 

= 0.60317 

or  0 = 52.9°  ◄ 

(. b ) We  have 

(Tba  )bd  = Tea  ' ^ bd 

= Tba  cos  e 
= (540  N)(0.60317) 

or  (Tba)bd  = 326  N ◄ 
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PROBLEM  3.151 

A farmer  uses  cables  and  winch  pullers  B and  E to  plumb 
one  side  of  a small  bam.  If  it  is  known  that  the  sum  of  the 
moments  about  the  x axis  of  the  forces  exerted  by  the 
cables  on  the  bam  at  Points  A and  D is  equal  to  4728  lb  • ft, 
determine  the  magnitude  of  TDE  when  TAB  - 255  lb. 


SOLUTION 

The  moment  about  the  x axis  due  to  the  two  cable  forces  can  be  found  using  the  z components  of  each 
force  acting  at  their  intersection  with  the  xj-plane  (A  and  D).  The  x components  of  the  forces  are  parallel  to 
the  x axis,  and  the  y components  of  the  forces  intersect  the  x axis.  Therefore,  neither  the  x or  y components 
produce  a moment  about  the  x axis. 


We  have 
where 


and 


™x  • (Tab  ) z (y  a ) + Tde  )z  Cfo  ) — 


Tab) z - k-TAB 

= k ' TaAab) 


2551b 


-i-12j  + 12k 
17 


TdE  )z 


:1801b 
: k • T DE 
: k ’ Tde^de) 

1.5i-14j  + 12k 


k 


lde 


18.5 


: 0.648657, 


DE 


yA=  12ft 
yD  =14ft 

Mx  = 4728  lb  • ft 

(180  lb)(12  ft)  + (0.64865T^)(14  ft)  = 4728  lb  • ft 


Tde  = 282.79  lb 


or  Tde  = 283  lb  ◄ 
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PROBLEM  3.152 

Solve  Problem  3.151  when  the  tension  in  cable  AB  is  306  lb. 

PROBLEM  3.151  A farmer  uses  cables  and  winch  pullers  B 
and  E to  plumb  one  side  of  a small  bam.  If  it  is  known  that  the 
sum  of  the  moments  about  the  x axis  of  the  forces  exerted  by 
the  cables  on  the  bam  at  Points  A and  D is  equal  to  4728  lb  • ft, 
determine  the  magnitude  of  TDE  when  TAB  = 255  lb. 


SOLUTION 


The  moment  about  the  x axis  due  to  the  two  cable  forces  can  be  found  using  the  z components  of  each  force 
acting  at  the  intersection  with  the  xy  plane  (A  and  D).  The  x components  of  the  forces  are  parallel  to  the  x axis, 
and  the  y components  of  the  forces  intersect  the  x axis.  Therefore,  neither  the  x or  y components  produce  a 
moment  about  the  x axis. 


We  have 
Where 


: (Tab  )z  (yA  ) + ( Tde  )z  (yD  ) — Mx 


(Tab)z  - k-T ab 

= k ' (Tab  \ ab  ) 


= k 


3061b 


-i  — 12j  + 12k 


17 


= 216  lb 

(Tde  )z  =k  ^de 

= k ’ (Tde  ^ de  ) 

= k 


T 

( 1.5i  — 14j  + 12k  Y 

1 DE 

l 18-5  J_ 

= 0.648657^ 
yA  = 12  ft 


yD  = 14  ft 

Mx  = 4728  lb  • ft 

(216  lb)(12  ft)  + (0.648657^  )(14  ft)  = 4728  lb  • ft 

and  Tde  = 235.21  lb  or  TDE  = 235  lb  ◄ 
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PROBLEM  3.153 

A wiring  harness  is  made  by  routing  either  two  or 
three  wires  around  2-in. -diameter  pegs  mounted  on  a 
sheet  of  plywood.  If  the  force  in  each  wire  is  3 lb, 
determine  the  resultant  couple  acting  on  the  plywood 
when  a - 1 8 in.  and  {a)  only  wires  AB  and  CD  are  in 
place,  ( b ) all  three  wires  are  in  place. 
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PROBLEM  3.154 

A worker  tries  to  move  a rock  by  applying  a 360-N  force 
to  a steel  bar  as  shown,  {a)  Replace  that  force  with  an 
equivalent  force-couple  system  at  D.  (b)  Two  workers 
attempt  to  move  the  same  rock  by  applying  a vertical  force 
at  A and  another  force  at  D.  Determine  these  two  forces  if 
they  are  to  be  equivalent  to  the  single  force  of  Part  a. 


SOLUTION 


(a)  We  have  EF : 360  N(-  sin 40°i  - cos 40° j)  = -(23 1 .40  N)i  -(275.78  N)j  = F 

or  F = 360N^50°4 


We  have 
where 


D • rB/D  X R — M 


(, b ) We  have 

where 


EM, 


rB/D  = -[(0.65  m)  cos  30°]i  + [(0.65  m)  sin  30°] j 
= -(0.56292  m)i  + (0.32500  m)  j 
i j k 

M = -0.56292  0.32500  0 N m 

-231.40  -275.78  0 

: [155.240  + 75 ,206)N-m]k 

= (230.45  N • m)k 


M _ Y AID  X G 


rB/D  = -[(1.05  m) cos 30°]i  + [(1.05  m)sin30°]j 
= -(0.90933  m)i  + (0.52500  m)j 
i j k 

-0.90933  0.52500  0 N m 
0 -10 
: [230.45  N • m]k 


or  M = 230N-m^  ◄ 


Fa  = 
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PROBLEM  3.154  (Continued) 


or  (0.90933^  )k  = 230.45k 

Fa  =253.42  N 

We  have  £F:  F = F ,,  + F0 

-(23 1 .40  N)i  - (275 .78  N) j = -(253 .42  N) j + FD  (-  cos  0i  - sin  <9j) 
From  i : 23 1 .40  N = FD  cos  6 

j:  22.36  N = FD  sin 6 
Equation  (2)  divided  by  Equation  (1) 

tan  6 = 0.096629 

6 = 5.5193°  or  <9  = 5.52° 

Substitution  into  Equation  (1) 


23 1 .40 

cos5.5193° 


= 232.48  N 


or  F,=253Nj4 


(1) 

(2) 


or  = 232  N 5.52°  ◄ 
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PROBLEM  3.155 

All  0-N  force  acting  in  a vertical  plane  parallel  to  the  yz  plane 
is  applied  to  the  220-mm-long  horizontal  handle  AB  of  a 
socket  wrench.  Replace  the  force  with  an  equivalent  force- 
couple  system  at  the  origin  O of  the  coordinate  system. 
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PROBLEM  3.156 

Four  ropes  are  attached  to  a crate  and  exert  the  forces  shown. 
If  the  forces  are  to  be  replaced  with  a single  equivalent  force 
applied  at  a point  on  line  AB , determine  {a)  the  equivalent 
force  and  the  distance  from  A to  the  point  of  application  of 
the  force  when  a = 30°,  ( b ) the  value  of  a so  that  the  single 
equivalent  force  is  applied  at  Point  B. 


SOLUTION 

We  have 


(a)  For  equivalence 
or 

or 

With  a = 30° 

Then 

Also 


or 


ioo 


Mfes* 1 


r-a 


4oo  \t> 


L 


ZFX:  -100  cos  30°  + 400  cos  65°  + 90  cos  65°  = Rx 
R = 120.480  lb 


~LFy : 1 00  sin  a + 1 60  + 400  sin  65°  + 90  sin  65°  = Ry 


Rv=  (604.09  + 100  sin  a)  lb 


Ry  = 654.09  lb 


R = J(120.480)2  + (654.09)2  tan  <9=  654-09 
V 120.480 

= 665  lb  0x6  = 19.6° 

l.MA:  (46  in.)(160  lb)  + (66  in.)(400  lb) sin 65° 

+(26  in.)(400  lb)  cos  65° + (66  in.)(90  lb) sin  65° 


+(36  in.)(90  lb)  cos  65°  = d( 654.09  lb) 
EM A = 42, 435  lb  • in.  and  d = 64.9  in. 


(i) 


and  R is  applied  64.9  in.  To  the  right  of  A. 

( b ) We  have  d = 66  in. 

Then  IM., : 42,435  lb  in  = (66  in.)fl 


R = 665  lb  A.  79.6°  ◄ 

◄ 


or 


Using  Eq.  (1) 


Ry  = 642.95  lb 


642.95  = 604.09  + 100  sin  a 


or 


cr  = 22.9°  ◄ 
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PROBLEM  3.157 

A blade  held  in  a brace  is  used  to  tighten  a screw  at  A. 

(a)  Determine  the  forces  exerted  at  B and  C,  knowing 
that  these  forces  are  equivalent  to  a force-couple 
system  at  A consisting  of  R = -(30  N)i  + R j + 5zk 
and  = -(12  N • m)i.  (b)  Find  the  corresponding 
values  of  R and  Rz . (c)  What  is  the  orientation  of  the 
slot  in  the  head  of  the  screw  for  which  the  blade  is  least 
likely  to  slip  when  the  brace  is  in  the  position  shown? 


SOLUTION 

(a)  Equivalence  requires 
or 

Equating  the  i coefficients 
Also 

or 

Equating  coefficients 


XF:  R = B + C 

-(30  N)i  + Ry j + 5zk  = -5k  + (-Cxi  + Cy\  + Czk) 
i:  -30  N = -Cv  or  C =30  N 


X M 


A- 


^ A ~ lB/A  ' 


v CIA  ‘ 


-(12  N -m)i  = [(0.2  m)i  + (0.15  m)j]x(-5)k 

+(0.4  m)i  x [-(30  N)i  + Cy j + Czk] 

or  5 = 80  N 


or  C^=0 


— 12  N • m = -(0.15  m)B 
0 = (0.4  m)C^ 

0 = (0.2  m)(80  N)  - (0.4  m)Cz  or  CZ=40N 

B = -(80.0  N)k  C = -(30.0  N)i  + (40.0  N)k  ◄ 

(b)  Now  we  have  for  the  equivalence  of  forces 

-(30  N)i  + Ry j + Rz k = -(80  N)k  + [(-30  N)i  + (40  N)k] 

Equating  coefficients  j : Ry  = 0 Ry  = 0 A 

k:  Rz  =-80  + 40  or  5Z=-40.0N^ 

(c)  First  note  that  R = -(30  N)i  - (40  N)k.  Thus,  the  screw  is  best  able  to  resist  the  lateral  force  Rz 

when  the  slot  in  the  head  of  the  screw  is  vertical.  M 
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PROBLEM  3.158 


X 


A concrete  foundation  mat  in  the  shape  of  a regular  hexagon  of  side 
12  ft  supports  four  column  loads  as  shown.  Determine  the  magnitudes 
of  the  additional  loads  that  must  be  applied  at  B and  F if  the  resultant 
of  all  six  loads  is  to  pass  through  the  center  of  the  mat. 


SOLUTION 

From  the  statement  of  the  problem  it  can  be  concluded  that  the  six  applied  loads  are  equivalent  to  the  resultant 
R at  O.  It  then  follows  that 


XM0  = 0 or  = 0 1MZ=  0 

For  the  applied  loads. 


Then  1,MX  = 0 : (6  A ft)FB  + (6  A ft)(l  0 kips)  - (6  A ft)(20  kips) 

-(6^3  fi)FF  =0 

or  Fb  —Ff  =10 

ZMz  =0:  (12  ft)(15  kips)  + (6  ft)Fs  - (6  ft)(10  kips) 

-(12  ft)(30  kips) - (6  ft)(20  kips)  + (6  ft)FF  = 0 

or  FB  +Ff  = 60 

Then  (l)  + (2)=> 


(1) 


(2) 

Fb  = 35.0  kips  . A 
Ff  =25.0  kips  l A 
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CHAPTER  4 


9(H)  II) 


PROBLEM  4.1 

A 2100-lb  tractor  is  used  to  lift  900  lb  of  gravel.  Determine 
the  reaction  at  each  of  the  two  {a)  rear  wheels  A,  ( b ) front 
wheels  B. 


SOLUTION 


(a)  Rear  wheels  =0:  + (2100  lb)(40  in.)- (900  lb)(50  in.) + 2,4(60  in.)  = 0 

A = +325  lb  A = 325  lb  f ^ 

( b ) Front  wheels  +^Y,MA:  -(21001b)(20in.)-(9001b)(110in.)-25(60in.)  = 0 

B = +1175  lb  B = 1 175  lb  f ◄ 

Check:  +ZFV  =0:  2A  + 2B  -2100  lb  -900  lb  = 0 

2(325  lb)  + 2(1 1 75  lb)  - 2 1 00  lb  - 900  = 0 

0 = 0 (Checks) 
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0.7  111 »| 

15  m'  0. 15  ill 


PROBLEM  4.2 

A gardener  uses  a 60-N  wheelbarrow  to  transport  a 250-N  bag  of 
fertilizer.  What  force  must  she  exert  on  each  handle? 


SOLUTION 

Free-Body  Diagram: 


2.1= 


+)XMa  =0:  (2F)(lm)-(60N)(0.15m)-(250N)(0.3m)  = 0 

F = 42.0  n|  ◄ 
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tJrr — °-7 111 — J 

0.15  m ^ ^0.15  m 


PROBLEM  4.3 

The  gardener  of  Problem  4.2  wishes  to  transport  a second  250-N 
bag  of  fertilizer  at  the  same  time  as  the  first  one.  Determine  the 
maximum  allowable  horizontal  distance  from  the  axle  A of  the 
wheelbarrow  to  the  center  of  gravity  of  the  second  bag  if  she  can 
hold  only  75  N with  each  arm. 

PROBLEM  4.2  A gardener  uses  a 60-N  wheelbarrow  to  transport 
a 250-N  bag  of  fertilizer.  What  force  must  she  exert  on  each  handle? 


SOLUTION 

Free-Body  Diagram: 


O . \ 5 yv%  0.15  w 


+)  Y.Ma  = 0 : 2(75  N)(l  m)  - (60  N)(0. 1 5 m) 

- (250  N)(0.3  m)  - (250  N)x  = 0 


x = 0.264  m A 
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PROBLEM  4.4 

1 

f 1 

1 l 

1 4 

For  the  beam  and  loading  shown,  determine  (a)  the  reaction  at  A, 

c 

G 

) 

(b)  the  tension  in  cable  BC. 

— 6 in.— 

— 8 in.— 

— 8 in.— 

P3C 

— 6 in.— | 

SOLUTION 

Free-Body  Diagram: 


J/.T# 

1 20*  1 1 2ot> 

1 \ *1  ' 

)T/6 

' B 

1. 

i "i  vr n 

6/n 

1 

Reaction  at  A: 

% 

X J 

II 

O 

o 

II 

+)IMb=  0: 

(15  lb)(28  in.)  + (20  lb)(22 
+ (20  lb)(6  in.)  - Ay  (6  in.) 

in.) + (35  lb)(14in. 

= 0 

4 

= +245  lb 

Tension  in  BC 

+)'LMa  =0: 

(15  lb)(22  in.)  + (20  lb)(16  in.)  + (35  lb)(8  in.) 
- (1 5 lb)(6  in.)  - FBC  (6  in.)  = 0 

Fbc 

, =+140.0  lb 

Check: 

+ p 

S-  J 

II 

O 

-15  lb-20  lb  = 35  lb  - 20  lb  + A-FBC  =0 

-105  lb + 245  lb -140.0  = 0 

0 = 0 (Checks) 


A = 245  lb  | ◄ 


Fbc  = 140.0  lb  ◄ 
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2.8  in 


L8  m 


1.2  m 0.75  m 


PROBLEM  4.5 

Two  crates,  each  of  mass  350  kg,  are  placed  as  shown  in  the 
bed  of  a 1400-kg  pickup  truck.  Determine  the  reactions  at  each 
of  the  two  {a)  rear  wheels  A,  ( b ) front  wheels  B. 


SOLUTION 

Free-Body  Diagram: 


(a)  Rear  wheels 


(b)  Front  wheels 


=2.0S>r\ 


W = (350  kg)(9.81  m/s2)  = 3.434  kN 
Wt  = (1400  kg)(9.81  m/s2)  = 13.734  kN 

+) IMb  = 0 : W(\  .7  m + 2.05  m)  + W(2.05  m)  + W,  (1 .2  m)  - 2.4(3  m)  = 0 

(3.434  kN)(3.75  m)  + (3.434  kN)(2.05  m) 

+ (13.734  kN)(l  .2  m)  - 2.4(3  m)  = 0 


A = +6.0663  kN 


A = 6.07kN|  ◄ 


■W-W-W,+2A  + 2B  = 0 


/ ^v=0:  , 

-3.434  kN  - 3.434  kN  - 13.734  kN  + 2(6.0663  kN)  + 2B  = 0 

B = +4.2347  kN  B=4.23kN|^ 
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PROBLEM  4.6 

Solve  Problem  4.5,  assuming  that  crate  D is  removed  and  that 
the  position  of  crate  C is  unchanged. 

PROBLEM  4.5  Two  crates,  each  of  mass  350  kg,  are  placed 
as  shown  in  the  bed  of  a 1400-kg  pickup  truck.  Determine  the 
reactions  at  each  of  the  two  (a)  rear  wheels  A,  (b)  front  wheels  B. 


SOLUTION 


Free-Body  Diagram: 


(a)  Rear  wheels 


(b)  Front  wheels 


W = (350  kg)(9.8 1 m/s2 ) = 3.434  kN 
Wt  = (1400  kg)(9.81  m/s2)  = 13.734  kN 

+)1Mb  =0:  W(l  .7  m + 2.05  m)  + Wt  (1 .2  m)  - 24(3  m)  = 0 

(3.434  kN)(3.75  m)  + (13.734  kN)(1.2  m)  - 24(3  m)  = 0 

4 = +4.893  kN  A = 4.89kN|^ 

+\l,My=0:  -W -Wt+2A  + 2B  = 0 


-3.434  kN  - 13.734  kN  + 2(4.893  kN)  + 2B  = 0 
B=  +3.691  kN 


B = 3.69kNf  ◄ 
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SOLUTION 


Free-Body  Diagram: 

*4. 

4e>4  1/0# 

| /;»■  .j . <a-  ;|,g/*  -| 


+.^=0:  5,=0 

=0:  (40  lb)(6  in.)  - (30  lb)a  - (10  lb)(a  + 8 in.)  + (12  in.)A  = 0 

(40a  -160) 

""  12~ 

+)ZMa  = 0:  - (40  lb)(6  in.)  - (50  lb)(12  in.) - (30  lb)(o  + 12  in.) 

- (10  lb)(a  + 20  in.)  + (12  in.)^  = 0 


Since 


(1400  + 40a) 
12 


B _ (1400  + 40a) 
* 12 


(a) 

For  a = 10  in. 

Eq.  (1): 

A = (40x10-160)  _+20  01b 

12 

Eq.  (2): 

B = (1400  + 40x10)  _+15001b 
12 

(b) 

For  a = 7 in. 

Eq.  (1): 

^ = (40x7-160)  =+10()01b 

12 

Eq.  (2): 

B = (1400  + 40x7)  _+140  Q lb 

1 O 

(2) 

A = 20.0  lb  | ^ 
B = 150.0  lb  | A 

A = 10.00  lb  | ◄ 
B =140.0  lb  | ◄ 
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r^~~ < 

¥ 

PROBLEM  4.8 

For  the  bracket  and  loading  of  Problem  4.7,  determine  the  smallest 
distance  a if  the  bracket  is  not  to  move. 

40  II)' 

1 

f 

▼301b  1 

PROBLEM  4.7  A T-shaped  bracket  supports  the  four  loads  shown. 

6 in. 

r . 1 a 
o in. 

8 in. 

Determine  the  reactions  at  A and  B (a)  if  a- 10  in.,  (b)  if  a = 7 in. 

SOLUTION 

Free-Body  Diagram: 


For  no  motion,  reaction  at^4  must  be  downward  or  zero;  smallest  distance  a for  no  motion 
corresponds  to  A = 0. 

+)ZMb  =0:  (40  lb)(6  in.)  - (30  lb)a  - (10  lb)(a  + 8 in.)  + (12  in.)^  = 0 

(40a -160) 

12~ 

A = 0:  (40a -160)  = 0 a = 4.00  in.  ◄ 
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50  N 100  N 150  N 


PROBLEM  4.9 

The  maximum  allowable  value  of  each  of  the  reactions  is  1 80  N. 
Neglecting  the  weight  of  the  beam,  determine  the  range  of  the 
distance  d for  which  the  beam  is  safe. 


SOLUTION 


so// 1 


/OOK 


/SO  Hi 


O.VS-h, 


f 


IF  =0:  5 = 0 


+)I :Ma  = 0:  (50  N )5  - (100  N)(0.45  m - 5)  - (150  N)(0.9  m - 5)  + F(0.9  m - 5)  = 0 

505  - 45  + 1005  - 135  + 1 505  + 0.95  - 55 

_ 1 80  N • m - (0.9  m)5 
~ 3005-5 

+)1Mb=  0:  (50  N)(0.9  m)  - 5(0.9  m - 5)  + (100  N)(0.45  m)  = 0 
45  - 0.95  + 55  + 45  =0 


(0.9m)5-90N-m 

5 


Sincei?<180N,  Eq.  (1)  yields. 


180 -(0.9)180 
300-180 


18 

120 


:0.15m 


Since  A < 1 80  N,  Eq.  (2)  yields. 


Range: 


(0.9)180-90 

180 


= 0.40  m 

180 


150.0  mm  < d < 400  mm 


(2) 

d > 150.0  mm  <1 


d < 400  mm  <1 

◄ 
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50  N 


1(K)  N 150  N 


PROBLEM  4.10 

Solve  Problem  4.9  if  the  50-N  load  is  replaced  by  an  80-N  load. 

PROBLEM  4.9  The  maximum  allowable  value  of  each  of  the 
reactions  is  180  N.  Neglecting  the  weight  of  the  beam,  determine 
the  range  of  the  distance  d for  which  the  beam  is  safe. 


SOLUTION 


Bon 


too#  ^ uro/fy 


b 


d ^ 


— \ °v 

I Bu 


£F  = 0:  B =0 


B = B., 


+5  ^Ma  = 0 : (80  N)</  - (1 00  N)(0.45  m - d)  - (1 50  N)(0.9  m-rf)  + S(0.9m-</)  = 0 
80t/-45  + 100t/-135  + 150t/  + 0.95-5t/  = 0 

, 180  N ■ m-0.95 

a =- 


330N-5 


+)ZMb  =0:  (80  N)(0.9  m)  - ,4(0.9  m - d)  + (100  N)(0.45  m)  = 0 


d-- 


0.9^-117 


(1) 


(2) 


Since  B < 180  N,  Eq.  (1)  yields. 


18 


d > (1 80  - 0.9 x 1 80)/(330  - 1 80)  = — = 0. 1 2 m 


Since  A ^ 1 80  N,  Eq.  (2)  yields. 


45 


Range: 


d < (0.9x180  - 1 12)/ 180  = = 0.25  m 

180 

120.0  mm  < J < 250  mm 


d = 120.0  mm  <] 

d = 250  mm  <] 

◄ 
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PROBLEM  4.11 

For  the  beam  of  Sample  Problem  4.2,  determine  the  range  of 
values  of  P for  which  the  beam  will  be  safe,  knowing  that  the 
maximum  allowable  value  of  each  of  the  reactions  is  30  kips  and 
that  the  reaction  at  A must  be  directed  upward. 


SOLUTION 

If  l 

ibff 

*FX  = 0: 

Bx=0 

A 8 

B = B \ 

.tt 

+)IMa=0: 

y \ 

1 5ft- 1 6(t  2ft'  2ft 

-P( 3 ft)  + 5(9  ft)  - (6  kips)(l  1 ft)  - (6  kips)(13  ft)  = 0 

5 = 35  - 48  kips 

(i) 

+)TMb  =0: 

-A(9  ft)  + 5(6  ft)  - (6  kips)(2  ft)  - (6  kips)(4  ft)  = 0 

5 = 1.5.4  + 6 kips 

(2) 

Since  B < 30  kips,  Eq.  (1)  yields. 

< (3)(30  kips)  - 48  kips  P<  42.0  kips  <1 

Since  0 < A < 30  kips.  Eq.  (2)  yields. 

0 + 6 kips  < P 

< (1 .5)(30  kips)l  .6  kips 

6.00  kips  < P 

<51.0  kips 

< 

Range  of  values  of  P for  which  beam  will  be  safe: 

6.00  kips  < P 

<42.0  kips 

◄ 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


355 


PROBLEM  4.12 

The  10-m  beam  AB  rests  upon,  but  is  not  attached  to,  supports  at 
C and  D.  Neglecting  the  weight  of  the  beam,  determine  the  range 
of  values  of  P for  which  the  beam  will  remain  in  equilibrium. 


SOLUTION 


Free-Body  Diagram: 

P *{*»  | ?o 

-7fc  tTd~ 

* «♦» ■F ' 


+)  Z.MC  = 0 : P(2m)~  (4  kN)(3  m)  - (20  kN)(8  m)  + D(  6 m)  = 0 
P = 86kN-3Z) 

+)  Y.Md  = 0 : P(8  m)  + (4  kN)(3  m)  - (20  kN)(2  m)  - C(  6 m)  = 0 
P = 3.5  kN  + 0.75C 


For  no  motion  C > 0 and  D > 0 
For  C>0  from  (2)  ,P<3.50kN 


(1) 

(2) 


For  D > 0 from  (1)  P < 86.0  kN 
Range  of  P for  no  motion: 

3.50 kN<P< 86.0 kN  ◄ 
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J 

LJ 

r i 

|2..kN  PROBLEM  4.13 

rne  maximum  anowaoie  value  oi  eacn  oi  me  reactions  is  :>u  kin,  ana 

each  reaction  must  be  directed  unward.  Neulectinn  the  weiuht  of  the 

beam,  determine  the  range  of  values  of  P for  which  the  beam  is  safe. 

2 m’ 

3 in 

3 in 

2 m 

SOLUTION 


Free-Body  Diagram: 


f>c 


l 


4Jb/. 


L * 

f J 

r7>»  r 3*>r>  1 

3^ 

+)  Y.MC  = 0 : P(1  m)  - (4  kN)(3  m)  - (20  kN)(8  m)  + D( 6 m)  = 0 
P = 86kN-3£> 

+)  IMD  = 0 : P(8  m)  + (4  kN)(3  m)  - (20  kN)(2  m)  - C(  6 m)  = 0 
P = 3.5  kN  + 0.75C 


For  C > 0,  from  (2): 

/>>3.50kN 

For  D > 0,  from  (1): 

P<86.0kN 

For  C < 50  kN,  from  (2): 

/><  3.5  kN  + 0.75(50  kN) 

P<41.0kN 

For  D < 50  kN,  from  (1): 

/>>86kN-3(50  kN) 

P > -64.0  kN 

(1) 

(2) 

< 

< 

< 

< 


Comparing  the  four  criteria,  we  find 


3.50  kN</><  41.0  kN  ◄ 
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300  ll>  300  lb 

PROBLEM  4.14 

A i 

l 

^ L_Vl/_ 

For  the  beam  and  loading  shown,  determine  the  range  of  the 
distance  a for  which  the  reaction  at  B does  not  exceed  100  lb 
downward  or  200  lb  upward. 

2-  C 

r50  lb 

h 8 in.  * 

" 4 in.* 

h 12  in. H 

SOLUTION 

Assume  B is  positive  when  directed 1 


'JOOlb  300  f£> 


i • ~ i/s 


1 


>rr  \&»t 


> 6 


o i *v  e i 

'V-+ 


<s>  ✓<*,  y;^  /jr 


Sketch  showing  distance  fromD  to  forces. 


t 


- (cx  *■ 


|fe 


^4re>£ 


— {■ J2**  ^ 

= 0:  (300  lb)(8  in.  - a)  - (300  lb)(a  - 2 in.)  - (50  lb)(4  in.)  + 165  = 0 

-600a  + 2800  + 1 62?  = 0 

_ (2800  + 16#) 
a~  600 


For  B = 100  lb  t =-100  lb,  Eq.  (1)  yields: 

^ [2800  H- 1 6(— 1 00)]  _ 1200 
600  ~~  ~600~ 

For  B = 200 1 = +200  lb,  Eq.  (1)  yields: 

[2800  + 16(200)]  _ 6000 


= 2 in. 


a < - 


Required  range: 


600  600 
2.00  in.  < a < 10.00  in. 


= 10  in. 


(1) 

a > 2.00  in.  <1 

a < 10.00  in.  <1 

◄ 
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-•—80  nun  — ► 

- 120  mm ► 

D 

\ 

PROBLEM  4.16 

If 

yff 

Two  links  AB  and  DE  are  connected  by  a bell  crank  as 

\ / 

90  i 

shown.  Determine  the  maximum  force  that  may  be  safely 

BO  mm  yVjjjJoySV 

exerted  by  link  AB  on  the  bell  crank  if  the  maximum 

A 

sV 

allowable  value  for  the  reaction  at  C is  1600  N. 

SOLUTION 

See  solution  to  Problem  4.15  for  F.  B.  D.  and  derivation  of  Eq.  (1) 


Fde  ~ r ^ab 

6 


(1) 


+.^=0:  ~FAB+CX  =0  Cx=jFm 


^Fy=  0:  --FAB+Cy-FDE=  0 


^ fab  + c Fab  - 0 
j o 

49 

C - — — F 

y 30  ab 


c = Jct  + c2y 

= “ V (49)2  + (1  8)2  Fa 
C = 1 ,74005F,„ 


For 


C = 1600  N,  1600  N = 1.74005F. 


F\r=920N  ◄ 
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PROBLEM  4.17 

The  required  tension  in  cable  AB  is  200  lb.  Determine  (a)  the  vertical 
force  P that  must  be  applied  to  the  pedal,  ( b ) the  corresponding 
reaction  at  C. 
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PROBLEM  4.18 

Determine  the  maximum  tension  that  can  be  developed  in  cable  AB  if 
the  maximum  allowable  value  of  the  reaction  at  C is  250  lb. 
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240  N 240  N 


PROBLEM  4.19 

The  bracket  BCD  is  hinged  at  C and  attached  to  a control 
cable  at  B.  For  the  loading  shown,  determine  (a)  the  tension 
in  the  cable,  ( b ) the  reaction  at  C. 


SOLUTION 


At  B: 


(a) 


Eq.  (1) 


(b) 


/6BOH 


L=J 


ZWN 
D 


O'**™ 


■ — ’Ox™  — J 


Ty  _0.18m 
T ~ 0.24  m 


T =—T 

y 4 * 


(1) 


+ )1MC  = 0:  7^(048  m)  - (240  N)(0.4  m)  - (240  N)(0.8  m)  = 0 


T =+1600  N 


Ty  =-(1600  N)  = 1200  N 

T = + 7;2  = Vl6002  + 12002  = 2000  N 

+-ZFx=0:  cx-t;=o 

Cx  -1600  N = 0 Cx  =+1600  N 
+|ee;=0:  Cy-Ty-  240  N - 240  N = 0 


T = 2.00kN  ◄ 


= 1600  N- 


C -1200N-480N  = 0 


144— ► C*/6x>M 


Cy  =+1680N 


a = 46.4° 

C = 2320  N 


=1680Nf 

C = 2.32  kN  ^146.4°  ◄ 
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240  N 240  N 


PROBLEM  4.20 

Solve  Problem  4.19,  assuming  that  a = 0.32  m. 

PROBLEM  4.19  The  bracket  BCD  is  hinged  at  C and 
attached  to  a control  cable  at  B.  For  the  loading  shown, 
determine  (a)  the  tension  in  the  cable,  ( b ) the  reaction  at  C. 


SOLUTION 


At  B: 


Eq.  (1) 


Cy-TCOfi/ 


&ON  29CM 

_J i 


3 D 


0.9} 


az*~ 


Tv  0.32  m 


-Jf-av*  — J 


Tx  0.24  m 
4 

T = -T 

y 3 x 

+)IMC  = 0:  ?;(0.32  m)  - (240  N)(0.4  m)  - (240  N)(0.8  m)  = 0 
T =900  N 


T =-(900  N)  = 1200  N 


■ V9002  +12002  =1500  N 


±-ZFx=0:  Cx-Tx=  0 

Cx  - 900  N = 0 Cx  = +900  N 
+|ze;=0:  Cy-Ty  - 240 N - 240 N = 0 
C -1200N-480N  = 0 


Cy  =+1680N 


T = 1.500  kN  ◄ 


Cv  =900  N 


a = 61.8° 

C = 1906  N 


Cy  = 1680  N | 

C = 1.906  kN  ^61.8°  ◄ 
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PROBLEM  4.21 

Determine  the  reactions  at  A and  B when  ( a ) h - 0, 
(b)  h = 200  mm. 


SOLUTION 

Free-Body  Diagram: 


3-id 

a, 


| sa*s%r  \ _ 

I iso* 

J*  » 

I e 

3 sin&f 

p 

geos#* 

B 

+ )IMa  =0:  (B  cos  60°)(0.5  m)  - (B  sin  60°)h  - (1 50  N)(0.25  m)  = 0 


/ A 


B = - 


37.5 


0.25-0.866/? 


(1) 


(a)  When  h = 0 : 
Eq.  (1): 


74 


i 


37  5 

B = — = 150  N 
0.25 

_±^EFV  = 0:  Ax-B  sin  60°  = 0 

Ax  = (150)  sin  60°  = 1 29.9  N 
+|  lFy  =0:  Ay  -150  + 5cos60°  = 0 

Ay  = 150-(150)cos60°  = 75N 
« = 30° 

A = 150.0  N 


(b)  When  h - 200  mm  = 0.2  m 

Eq.  (1):  B 


37.5 


= 488.3  N 


0.25-0.866(0.2) 

±*£7^=0:  Ax-Bs,m60°  = 0 

Ax  = (488.3)  sin  60°  = 422.88  N 

+}  lFy  =0:  Ay  — 150  + 5cos60°  = 0 

Ay  =150-  (488.3) cos  60°  = -94.15  N 
« = 12.55° 

A = 433.2  N 


B =150.0  30.0°  ◄ 

Ax  = 129.9  N — 
A,=75N  f 

A = 150.0  30.0°  ◄ 

B = 488  N ^ 30.0°  ◄ 

Ax  = 422.88  N — 

Ay  = 94.15  N [ 

A = 433N  ^ 12.6°  ◄ 
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20 II) 


PROBLEM  4.22 

For  the  frame  and  loading  shown,  determine  the  reactions  at  A and  E 
when  (a)  a = 30°,  ( b ) a = 45°. 


SOLUTION 

Free-Body  Diagram: 


(a)  When  a = 30°: 


n 

7.01  lb 


y-  «v  =y.  S9?4 

iSi 


+ : 'EM A = 0 : (E  sin  a)(  8 in.)  + (E  cos  ar)(5  in.) 

-(20  lb)(10  in.)  - (20  lb)(3  in.)  = 0 

P 260 

E = 

8 sin  ar  + 5 cos  or 


E = - 


260 


= 31.212  lb 


8sin30°  + 5cos30° 

±~EFX  =0:  Ax  -201b  + (31.2121b)sin30°  = 0 
Ax  = +4.394  lb 

+\EF y=0:  A -20°  + (31.2121b)cos30°  = 0 


Ay  = -7.03  lb 


E = 31.2  lb  ^60.0°  ◄ 


Ax  = 4.394  lb  — * 


Ay  = 7.03  lb  | 

A = 8.29  lb  ^58.0°  ◄ 
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PROBLEM  4.22  (Continued) 

(b)  When  a = 45°: 

E = — = 28.28  lb  E = 28.3  lb  45.0°  ◄ 

8 sin  45°  + 5 cos  a 

JFX  = 0:  Ax  - 20  lb  + (28.28  lb) sin 45°  = 0 
4=0  Ax  = 0 

+| 2^=0:  Ay- 20 lb  + (28.28 lb) cos 45°  = 0 

4=0  4=0  A=0  ◄ 
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PROBLEM  4.23 

For  each  of  the  plates  and  loadings  shown,  determine  the  reactions  at  A and  B. 


SOLUTION 

(a)  Free-Body  Diagram: 


B = +30  lb  B = 30.0  lb  f ^ 


-±*~LFx=0:  Ax+  401b  = 0 

Ax  = -40  lb 

+jEF  =0:  A +5-50  lb  = 0 


A,  +30  lb-50  lb  = 0 


... 


•O 


2D//> 


*tO/b 


Ay  =+20  lb 

a = 26.56° 
A = 44.72  lb 


A =40.0  lb 


A,,  = 20.0  lb  | 

A = 44.7  lb  ^26.6°  ◄ 
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PROBLEM  4.23  (Continued) 


(b) 


Free-Body  Diagram: 


+)ZMa  =0: 


Hi/). 

\&>/b 

Ho  lb 

r\  w. 

A B 

lo  in. 

?v  *: 

* 

(B  cos  30°; 

Zotn.  I 

in.)  - (50  lb)(4  in.)  = 0 

)(20  in.)  - (40  lb)(10 

B = 34.64  lb 


B = 34.6  lb  ^60.0°^ 


-±►2^=0:  Ax-B  sin  30°  + 40  lb 

Ax  - (34.64  lb)  sin  30°  + 40  lb  = 0 
Ax  =-22.68  lb 

+|ef;=0:  Ay  + 5cos30°-50  lb  = 0 

Ay  +(34.64  lb)  cos  30°  -501b  = 0 
^,=+20  lb 

29.68/*  a = 41.4° 

A = 30.24  lb 


Ax  = 22.68  lb  -• — 


Ay  = 20.0  lb  | 

A = 30.2  lb  ^41.4°  ◄ 
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PROBLEM  4.24 

For  each  of  the  plates  and  loadings  shown,  determine  the  reactions  at  A and  B. 


SOLUTION 

(a)  Free-Body  Diagram: 


A = +20  lb  A = 20.01bf^ 

-±~£FX=0:  40 lb  + = 0 

Bx=-  401b  Bx  = 40  lb  — 

+\'LFy  =0:  A + By- 501b  = 0 

( 20  lb  + £ - 50  lb  = 0 

l y 

I \ T30/J, 

i+StCA B B =+30  lb  Bv  = 30  lb  t 

Uo/b  y y 

a = 36.87°  B = 50  lb  B = 50.0  lb  2^  36.9°  A 
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PROBLEM  4.24  (Continued) 


(b) 


B __ 


DO 

St.  SY/6 


3oU> 

a 


+)I,Ma=0:  -(^cos30°)(20  in.)  - (40  lb)(10  in.)  + (50  lb)(16  in.)  = 0 


A = 23.09  lb 

±^I,Fx=0:  A sin30°  + 40  lb  + = 0 

(23.09  lb)  sin  30° + 40  lb + 8X  =0 

Bx  =-51.55  lb 

+jzf;=0:  A cos  30°  + - 50  lb  = 0 

(23 .09  lb)  cos  30°  + By  - 50  lb  = 0 


By  =+30  lb 


A = 23.1  lb OL  60.0°  ◄ 


B =51.55  lb- 


or  = 30.2° 

B = 59.64  lb 


B^,  = 30  lb  | 

B = 59.6  lb  2^30.2°  ◄ 
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PROBLEM  4.25 

Determine  the  reactions  at  A and  B when  (a)  a = 0,  (b)  a = 90°, 
(c)  cr  = 30°. 
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250  mm 


PROBLEM  4.28 

A lever  AB  is  hinged  at  C and  attached  to  a control  cable  at  A.  If 
the  lever  is  subjected  to  a 500-N  horizontal  force  at  B , determine 
{a)  the  tension  in  the  cable,  ( b ) the  reaction  at  C. 
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PROBLEM  4.29 

A force  P of  magnitude  280  lb  is  applied  to  member  ABCD , which  is 
supported  by  a frictionless  pin  at  A and  by  the  cable  CED.  Since  the  cable 
passes  over  a small  pulley  at  E , the  tension  may  be  assumed  to  be  the 
same  in  portions  CE  and  ED  of  the  cable.  For  the  case  when  a - 3 in., 
determine  (a)  the  tension  in  the  cable,  ( b ) the  reaction  at  A. 


SOLUTION 

Free-Body  Diagram: 


(a)  +)  IMA  = 0 : - (280  lb)(8  in.) 

r(12in.)-^-7X12in.) 

24 

r(8  in.)  = 0 

25 

(12-11 ,04)r  = 840  T = 875  lb  ◄ 

( b ) -±-XFx=0:  ^(875  lb) + 875  lb + 4=0 

Ax  =-1120  Ax  =1120  lb  — 

1 24 

+JXF=0:  4 -280  lb (875  lb)  = 0 

7 7 25 

4 =+1120  Ay  = 1 120  lb  | 

A = 1584  lb  ^ 45.0°  A 
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PROBLEM  4.30 

Neglecting  friction,  determine  the  tension  in  cable  ABD  and  the  reaction 
at  support  C. 


SOLUTION 


Free-Body  Diagram: 


+)IMC  = 0: 


T(  0.25  m)- 7X0.1  m)-(120  N)(0.1  m)  = 0 


C — *£ 


C. 

<Soy 


+*E/;=0: 

+1^=0: 


Cx  - 80  N = 0 Cx  = +80  N 

Cy  - 120  N + 80  N = 0 Cy=+40N 


r = 80.0N  ◄ 
= 80.0  N — *■ 

Cy  =40.0N| 

C = 89.4  26.6°  ◄ 
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SOLUTION 


See  the  solution  to  Problem  4.3 1 for  the  free-body  diagram  and  analysis  leading  to  the  following  expressions: 

Cx  =+P 

B=-1— 

sin  6 


For  0 = 60°: 


(a) 

(b) 

Ciy-OMMf’  123' 


B = P/sin  60°  = 1.1 547  P 
Cx=+P  CX=P  — 

Cy  = P(\  - 1/tan  60°)  = +0.4226P 


B = 1.155P2^  30.0°  ◄ 


Cy  =0.4226Pf 
C = 1.086P^l22.9o  ◄ 
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PROBLEM  4.33 

Neglecting  friction,  determine  the  tension  in  cable  ABD  and  the  reaction 
at  C when  0=  60°. 


SOLUTION 


Since 

For  6 = 60°: 
Eq.  (1): 

Eq.  (2): 


+yLMc  =0:  T(2a  + acosO)-  Ta  + Pa-0 


T = - 


l + cos/9 


0:  C-T  sin<9  = 0 


C =Tsin&-- 


PsinQ 
1 + cos  6 


+)Z.Fv=0:  Cy+T  + T cos  0-P  = O 


C =P-T(l  + cos0)  = P-P 


G=° 


Cy=  0,  C = CX 


r = 


l + cos/9 
1 + cos  0 


1 + cos  60°  1 + y 


sin  60°  0.866 

1 + cos  60°  1 + y 


C = i>- 


sin# 


(1) 


l + cos/9 


(2) 


T = —P  ◄ 
3 


C = 0.577P  — ◄ 
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PROBLEM  4.34 

Neglecting  friction,  determine  the  tension  in  cable  ABD  and  the  reaction 
at  C when  0 - 45°. 


SOLUTION 

Free-Body  Diagram: 


I X 


Equilibrium  for  bracket: 

+)'LMC  = 0:  -T(a)-P(a)  + (T  sin  45  °)(2a  sin  45  °) 

+ (T  cos45°)(a  + 2a  cos  45°)  = 0 

T = 0.58579  or  r = 0.586.P  ◄ 

±~ZFX=  0:  Cx  +(0.58579P)sin45°  = 0 

Cx=  0.41422P 

+1  lFy  =0:  Cy  + 0.58579P  — P + (0.58579/>)cos  45°  = 0 

Cy=  0 or  C = 0.414P—  ◄ 
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PROBLEM  4.35 

A light  rod  AD  is  supported  by  frictionless  pegs  at  B and  C and  rests 
against  a frictionless  wall  at  A.  A vertical  120-lb  force  is  applied 
at  D.  Determine  the  reactions  at  A,  B,  and  C. 


SOLUTION 

Free-Body  Diagram: 


Check: 


D 

\zo  \ b 


A = 69.28  lb 

+)  Y.MB  = 0 : C(8  in.)  - (1 20  lb)(l  6 in.)  cos  30° 

+ (69.28  lb)(8in.)sin30°  = 0 

C = 173.21b 

+)  IMc  = 0 : 5(8  in.)  - (1 20  lb)(8  in.)  cos  30° 

+ (69.28  lb)(l  6 in.)  sin  30°  = 0 

B = 34.6  lb 

\ZFy  =0:  173.2  - 34.6  - (69.28)  sin  30°  - (120)  sin  60°  = 0 

0 = 0 (check) 


A = 69.3  lb  — ◄ 


C = 173.2  lb 2^60.0°  ◄ 


B = 34.6  lb  ^60.0°  ◄ 
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PROBLEM  4.36 

A light  bar  AD  is  suspended  from  a cable  BE  and  supports  a 50-lb 
block  at  C.  The  ends  A and  D of  the  bar  are  in  contact  with 
frictionless  vertical  walls.  Determine  the  tension  in  cable  BE  and 
the  reactions  at  A and  D. 
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1(H)  mm  100  mm 


250  mm 


PROBLEM  4.37 

Bar  AC  supports  two  400-N  loads  as  shown.  Rollers  at  A and  C 
rest  against  frictionless  surfaces  and  a cable  BD  is  attached  at  B. 
Determine  (a)  the  tension  in  cable  BD , ( b ) the  reaction  at  A,  (c)  the 
reaction  at  C. 


SOLUTION 


AE  BE 
~AD~~CD ’ 


0.15  m 
0.5  m 


BE 

0.25  m’ 


BE  = 0.075  m 


(a)  +>M,  =0:  7;  (0.25 


Tr  = 1400  N 


_v^r: 


= O075  00 

r 0.35 
= 300  N 


T = 1432  lb  ◄ 
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PROBLEM  4.37  (Continued) 

(b) 

+jsf;=0:  A - 300  N - 400  N - 400  N = 0 

^4  = +1100  N 

a = hoon|  ◄ 

(c) 

-±~ZFX=  0:  -C  + 1400N  = 0 

C = + 1400  N 

C = 1400  N — ◄ 
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PROBLEM  4.38 

Determine  the  tension  in  each  cable  and  the  reaction  at  D. 
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PROBLEM  4.39 

Two  slots  have  been  cut  in  plate  DEF , and  the  plate  has 
been  placed  so  that  the  slots  fit  two  fixed,  frictionless  pins  A 
and  B.  Knowing  that  P - 15  lb,  determine  (a)  the  force  each 
pin  exerts  on  the  plate,  (b)  the  reaction  at  F. 


SOLUTION 

Free-Body  Diagram: 


B = 30.0  lb  ^ 60.0°  ◄ 

+)ZMa  = 0:  -(30  lb)(4  in.)  + 5 sin 30°(3  in.)  + 5cos30°(l  1 in.) - F(\ 3 in.)  = 0 

-1 20  lb  • in.  + (30  lb)  sin  30°(3  in.)  + (30  lb)  cos  30°(1 1 in.)  - F(  1 3 in.)  = 0 

F = +16.2145  lb  F = 16.21  lb  | ◄ 

+|  lFy  = 0:  ^ - 30  lb  + 5cos30°  -F  = 0 

A - 30  lb  + (30  lb) cos 30°  -16.2 145  lb  = 0 

^4  = +20.23  lb  A = 20.21bf^ 
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PROBLEM  4.40 

For  the  plate  of  Problem  4.39  the  reaction  at  F must  be 
directed  downward,  and  its  maximum  allowable  value  is 
20  lb.  Neglecting  friction  at  the  pins,  determine  the  required 
range  of  values  of  P. 

PROBLEM  4.39  Two  slots  have  been  cut  in  plate  DEF , 
and  the  plate  has  been  placed  so  that  the  slots  fit  two  fixed, 
frictionless  pins  A and  B.  Knowing  that  P = 15  lb,  determine 
{a)  the  force  each  pin  exerts  on  the  plate,  (b)  the  reaction 
at  F. 


SOLUTION 


Free-Body  Diagram: 


-±*ZFx=0:  P-5sin30°  = 0 B = 2P^60° 

+)IMa  =0:  - (30  lb)(4  in.)  + B sin30°(3  in.)  + B cos30°(l  1 in.)  - F(13  in.)  = 0 

-120  lb  • in.+  2/>sin30°(3  in.)  + 2Pcos30°(l  1 in.)  - F(13  in.)  = 0 
-1 20  + 3P  + 1 9.0525P  - 1 3F  = 0 


132? + 120 
22.0525 


For  F = 0: 

p = 13(0)  + 120  =54421b 

22.0525 

For  P-20  lb: 

„ 13(20) + 120 

P=  v ’ =17.232  lb 

22.0525 

For 

0<F<201b: 

(1) 


5.44  lb  </><  17.23  lib  ◄ 
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PROBLEM  4.41 

Bar  AD  is  attached  at  A and  C to  collars  that  can  move  freely 
on  the  rods  shown.  If  the  cord  BE  is  vertical  (a  = 0),  determine 
the  tension  in  the  cord  and  the  reactions  at  A and  C. 


SOLUTION 

Free-Body  Diagram: 


+/ZFy=0:  - T cos 30°  + (80  N) cos 30°  = 0 

r = 80N  r = 80.0N  ◄ 

+)EMC  =0:  (A sin 30°)(0.4  m)  - (80  N)(0.2  m)  - (80  N)(0.2  m)  = 0 

A =+160 N A = 160.0 N ^30.0°  ◄ 
+)IMa  =0:  (80  N)(0.2  m)  - (80  N)(0.6  m)  + (Csin30°)(0.4  m)  = 0 

C =+160  N C = 160.0  30.0°  ◄ 
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PROBLEM  4.42 

Solve  Problem  4.41  if  the  cord  BE  is  parallel  to  the  rods 
(a=  30°). 

PROBLEM  4.41  Bar  AD  is  attached  at  A and  C to 
collars  that  can  move  freely  on  the  rods  shown.  If  the 
cord  BE  is  vertical  {a  - 0),  determine  the  tension  in  the 
cord  and  the  reactions  at  A and  C. 


SOLUTION 


Free-Body  Diagram: 


8o  hi 
T> 


T = 69.282  N 7 = 69.3  N ◄ 

+)'LMC  = 0:  -(69.282  N)cos30°(0.2  m) 

-(80  N)(0.2  m)  + (A  sin  30°)(0.4  m)  = 0 

A = +140.000  N A = 140.0  N ^ 30.0°  ◄ 

+)IMA  = 0:  +(69.282  N)  cos  30°(0.2m) 

-(80  N)(0.6  m)  + (Csin30°)(0.4  m)  = 0 

C = +180.000  N C = 180.0  30.0°  ◄ 
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SOLUTION 


Qy  / y 


wt 


£*> 

X 


(a) 


W = mg  = (8  kg)(9.81m/s2)  = 78.48  N 
IF=  0:  4=0 


+|2^,=0:  Ay-W  = 0 
+)'LMA  = 0:  -lf(1.6m)  = 0 


: 78.48  Nf 


M 


A _+(78.48  N)(1.6  m) 


(b)  ±~ZFX=  0: 


A = 78.5  N f 
A-W  = 0 


M^,  = 125.56  N • m ; 
=125.6  N-m^ 


^ 78.48 1 


L /•*■>»  J 

+ 

73 

II 

o 

+)zma  =0 

I 

© 

II 

Sfj 

+|^C=0: 

\ 

+>M^=0 

A,,  = 78.48  ■ 


A = (78.48  N)V2  = 1 10.99  N 45° 


M 


A _ +(78.48  N)(1.6m) 


.'N 


A = 1 1 1 .0  N 45° 


=125.56  N • m J 
=125.6  N-m^ 


Ay  =2W  = 2(78.48  N)  = 156.96  N f 
-21F(1.6m)  = 0 

Ma  = +2(78.48  N)(1.6  m) 
A = 157.0  N | 


'S 


= 125.1  N m , 

M , = 125Nm^ 


J 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


391 


PROBLEM  4.44 

A tension  of  5 lb  is  maintained  in  a tape  as  it  passes  through 
the  support  system  shown.  Knowing  that  the  radius  of  each 
pulley  is  0.4  in.,  determine  the  reaction  at  C. 


SOLUTION 

From  f.b.d.  of  system 

+~ZFx=0:  Cx  + (5  lb)  = 0 

Cx=-51b 

+ j^=0:  Cy  - (5  lb)  = 0 
©=51b 

Then  c = fcxf  + (cf 

= V(5)2  + (5)2 

= 7.071 1 lb 


and 


0 = tan  1 


= -45° 


+)Y.MC  =0:  Mc  + (5  lb)(6.4  in.)  + (5  lb)(2.2  in.)  = 0 


Mc  =-43.0  lb  in 


or  C = 7.07  lb  It,  45.0°  ◄ 


or  Mc  =43.0  lb  in.  ^ A 
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PROBLEM  4.45 

Solve  Problem  4.44,  assuming  that  0.6-in. -radius  pulleys 
are  used. 

PROBLEM  4.44  A tension  of  5 lb  is  maintained  in  a tape 
as  it  passes  through  the  support  system  shown.  Knowing 
that  the  radius  of  each  pulley  is  0.4  in.,  determine  the 
reaction  at  C. 
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Tj  r 

1 

PROBLEM  4.46 



r,  ' 

A 6-m  telephone  pole  weighing  1600  N is  used  to  support  the  ends  of 

To 

two  wires.  The  wires  form  the  angles  shown  with  the  horizontal  and 

the  tensions  in  the  wires  are,  respectively,  Tx  — 600  N and  T2  =315  N. 

A 

6 

m Determine  the  reaction  at  the  fixed  end  A. 

SOLUTION 

Free-Body  Diagram: 


Ax  =+238.50  N 

+\l.Fy  =0:  Ay  -1600  N -(600  N)sinl0°-(375  N)sin20°  = 0 
Ay  =+1832.45  N 

^4  = a/238.502  +1832.452 

1 8T9  45 

6 = tan-1  _5£_j_Z  A = 1848  N 82.6°  ◄ 

238.50 

+^  YMA  = 0 : Ma+  (600  N)  cos  1 0°(6  m)  - (375  N)  cos  20°(6  m)  = 0 

Ma  =-1431.00 N-m  =1431  N-m^  ◄ 
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PROBLEM  4.47 

Beam  AD  carries  the  two  40-lb  loads  shown.  The  beam  is  held  by  a 
fixed  support  at  D and  by  the  cable  BE  that  is  attached  to  the 
counterweight  W.  Determine  the  reaction  at  D when  (a)  W — 100  lb, 
(b)  W = 90  lb. 


SOLUTION 


ip) 


ib) 


W = 1001b 

Fromf.b.d.  of  beam  AD 

±-XFx=0:  Dx=  0 

+|zFy=0:  Dy  - 40  lb  - 40  lb  + 100  lb  = 0 
Dy  =-20.0  lb 

+)  Y.Md  = 0 : Md-(  100  lb)(5  ft)  + (40  lb)(8  ft) 
+ (40  lb)(4  ft)  = 0 

Md=  20.0  lb  ft 

W = 90  lb 


Fromf.b.d.  of  beam  AD 


f b.d. 


or  D = 20.0  lb  | A 


or  Mfl  =20.0  lb- it*)  ◄ 


+.1^=0:  Dx=  0 

+|l^;=0:  Dy  +90  lb-40  lb-40  lb  = 0 

Dy  = -10.00  lb  or  D = 10.00  lb  | ◄ 

+)  Y.Md  = 0 : Md-( 90  lb)(5  ft)  + (40  lb)(8  ft) 

+ (40  lb)(4  ft)  = 0 

Md  = -30.0 lb • ft  or  =-30.01b  ftj)  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


395 


PROBLEM  4.48 

For  the  beam  and  loading  shown,  determine  the  range  of  values  of  W 
for  which  the  magnitude  of  the  couple  at  D does  not  exceed  40  lb  • ft. 


SOLUTION 

For  W 

X YY  mm  , 

md 

From  f.b.d.  of  beam  AD 

+>md 

For  W 

X YY  max, 

md 

From  f.b.d.  of  beam  AD 

+)zmd 

= —40  lb  • ft 

= 0:  (40  lb)(8  ft)  - WmiB (5  ft) 

+ (40  lb)(4  ft)  - 40  lb  • ft  = 0 

lFmi„=88.01b 

= 40  lb  • ft 

= 0:  (40  lb)(8  ft)  - fVmax  (5  ft) 

+ (40  lb)(4  ft)  + 40  lb  • ft  = 0 

Wmax=  104.01b 


or  88.0  lb  < W <104.0  lb  ◄ 
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750  N 


PROBLEM  4.49 

Knowing  that  the  tension  in  wire  BD  is  1300  N,  determine  the 
reaction  at  the  fixed  support  C of  the  frame  shown. 


SOLUTION 


7 = 1300  N 

T=—T 
x 13 

= 500  N 


= 1200  N 


±~Y.MX  = 0:  Cx  - 450  N + 500  N = 0 Cx 
+fl^=0:  CJ-750N-1200N  = 0 Cy 


-50  N Cx  = 50  N - — 

+1950  N Cy  =1950  N | 


Q Vfe 


+)£MC  =0:  Mc  +(750  N)(0.5  m)  + (4.50  N)(0.4  m) 
-(1200  N)(0.4  m)  = 0 

Mc  =-75.0N-m 


C = 1951  N it,  88.5°  ◄ 


Mc  = 75.0  N-my^ 
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750  X 


PROBLEM  4.50 

Determine  the  range  of  allowable  values  of  the  tension  in  wire 
BD  if  the  magnitude  of  the  couple  at  the  fixed  support  C is  not  to 
exceed  100  N • m. 


SOLUTION 


For 


For 

For 


+ \LMC  = 0:  (750  N)(0.5  m)  + (450  N)(0.4  m)  - 1 — T 1(0.6  m) 


13 


13 


(0.15m)  + Mc  =0 


375  N-m  + 180  N-m- 


4 8 

— m \T  + Mr  =0 
13 


T = — (555 + Mr) 

4.8  C 

Mr  = -100  N • m:  T = —(555  -100)  = 1232  N 
C 4.8 V 

Mc  = +100  N m:  T = — (555 + 100)  = 1774  N 

C 4.8 


\MC\  <100 N-m: 


1.232 kN<T<  1.774 kN  ◄ 
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PROBLEM  4.51 

A vertical  load  P is  applied  at  end  B of  rod  BC.  {a)  Neglecting  the  weight  of  the 
rod,  express  the  angle  6 corresponding  to  the  equilibrium  position  in  terms  of 
P,  /,  and  the  counterweight  W.  ( b ) Determine  the  value  of  0 corresponding  to 
equilibrium  if  P = 2W. 
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PROBLEM  4.52 

A slender  rod  AB , of  weight  W,  is  attached  to  blocks  A and  B, 
which  move  freely  in  the  guides  shown.  The  blocks  are  connected 
by  an  elastic  cord  that  passes  over  a pulley  at  C.  (a)  Express  the 
tension  in  the  cord  in  terms  of  W and  0.  ( b ) Determine  the  value  of 
0 for  which  the  tension  in  the  cord  is  equal  to  3 W. 
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PROBLEM  4.53 

Rod  AB  is  acted  upon  by  a couple  M and  two  forces,  each  of  magnitude  P. 
( a ) Derive  an  equation  in  0 \ P,  M,  and  / that  must  be  satisfied  when  the  rod 
is  in  equilibrium.  ( b ) Determine  the  value  of  0 corresponding  to  equilibrium 
when  M = 150  N • m,  P = 200  N,  and  / = 600  mm. 
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PROBLEM  4.54 

Rod  AB  is  attached  to  a collar  at  A and  rests  against  a small  roller  at  C. 
{a)  Neglecting  the  weight  of  rod  AB , derive  an  equation  in  P,  Q , a , /,  and 
# that  must  be  satisfied  when  the  rod  is  in  equilibrium.  ( b ) Determine 
the  value  of  6 corresponding  to  equilibrium  when  P - 16  lb,  Q = 12  lb, 
/ = 20  in.,  and  a = 5 in. 


SOLUTION 

Free-Body  Diagram: 


C=P±£ 

COS# 


(a) 


(6)  For 


+ )IM.  =0:  C— PI  cos  # = 0 


/ A 


COS# 

^ + ^ • — — PI  cos  9 = 0 

cos#  cos# 

F’  = 161b,  Q = 121b,  / = 20in.,  and  a = 5in. 


3 a_a(P  + Q) 


cos  # = 


PI 


cos  # 


3 „ (5  in.)(16  lb + 12  lb) 


(16  lb)(20  in.) 
= 0.4375 


cos#  = 0.75915 


# = 40.6°  ◄ 
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PROBLEM  4.55 


A collar  B of  weight  W can  move  freely  along  the  vertical  rod  shown. 
The  constant  of  the  spring  is  k , and  the  spring  is  unstretched  when 
0 = 0.  {a)  Derive  an  equation  in  0 \ W,  k , and  / that  must  be  satisfied 
when  the  collar  is  in  equilibrium.  ( b ) Knowing  that  W = 300  N, 
/ = 500  mm,  and  k = 800  N/m,  determine  the  value  of  0 corresponding 
to  equilibrium. 
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PROBLEM  4.56 

A vertical  load  P is  applied  at  end  B of  rod  BC.  The  constant  of  the 
spring  is  k , and  the  spring  is  unstretched  when  0 = 90°.  (a)  Neglecting 
the  weight  of  the  rod,  express  the  angle  6 corresponding  to  equilibrium 
in  terms  of  P,  k , and  /.  (b)  Determine  the  value  of  0 corresponding  to 
equilibrium  when  P = ^kl. 
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(b) 


PROBLEM  4.56  (Continued) 


4 


0-  2 sin  1 

kl 

1 

= 2 sin-1 

' kl  ( 

4 

Jlf  kl 

= 2 sin-1 

f 4 1 

I3V2J 

= 2 sin-1  (0.94281) 

= 141.058° 

or  (9  = 141.1°  ◄ 
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SOLUTION 


First  note 
where 


From  f.b.d.  of  assembly 
or 


For 


or 

Solving  numerically, 
or 

Then 


T = tension  in  spring  = ks 
s = deformation  of  spring 

= rp 
F = kr/3 

+)  £M0  = 0 : W(l  cos  (3)-F{r)  = 0 


Wl  cos  p - kr2  (5  = 0 


COS  p — 


k = 250  lb/in. 
r-  3 in. 

/ = 8 in. 


W = 400  lb 

„ (250  lb/in.)(3  in.)2 

cos  B = — 

(400  lb)(8  in.) 


P 


cos >9  = 0.703 125/3 
p = 0.89245  rad 
p = 51.134° 

# = 90° + 5 1.134°  = 141.134° 


or  <9  = 141.1°  ◄ 
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PROBLEM  4.58 

A slender  rod  AB , of  weight  W,  is  attached  to  blocks  A and  B that 
move  freely  in  the  guides  shown.  The  constant  of  the  spring  is  k , 
and  the  spring  is  unstretched  when  6 = 0.  (a)  Neglecting  the  weight 
of  the  blocks,  derive  an  equation  in  W,  k , /,  and  6 that  must  be 
satisfied  when  the  rod  is  in  equilibrium.  ( b ) Determine  the  value 
of  0 when  W = 75  lb,  / = 30  in.,  and  k = 3 lb/in. 


SOLUTION 

Free-Body  Diagram: 


Spring  force: 
(a) 


(b)  For  given  values  of 


Solving  numerically: 


+)IMd=  0:  — cos  # j = 0 


kl{  1 - cos  0)1  sin  6 - — l cos  6 = 0 

W W 

kl(l  - cos 0)  tan# = 0 or  (1  - cos 6)  tan 6 = A 

2 2 kl 

W = 75  lb 
/ = 30  in. 
k = 3 lb/in. 

(1  - cos  #)  tan  6 = tan  # - sin  0 
751b 

" 2(3  lb/in.)(30  in.) 

= 0.41667 

6 = 49.710°  or  0 = 49.7°  ◄ 
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PROBLEM  4.59 

Eight  identical  500x750-mm  rectangular  plates,  each  of  mass  m-  40  kg,  are  held  in  a vertical  plane  as 
shown.  All  connections  consist  of  frictionless  pins,  rollers,  or  short  links.  In  each  case,  determine  whether 
(a)  the  plate  is  completely,  partially,  or  improperly  constrained,  ( b ) the  reactions  are  statically  determinate  or 
indeterminate,  (c)  the  equilibrium  of  the  plate  is  maintained  in  the  position  shown.  Also,  wherever  possible, 
compute  the  reactions. 


K 

Fl  M 


T- 


T 

■ 

J L 

' T 

SOLUTION 

C- 

1 

Thrpp  nnn-pnnriirrpint  nnn-m  railed  rpartinns 

l 

i 

(a) 

* * ~ ~ * r * - — ^ ^ ^ 

Plate:  completely  constrained 

OS  YT] 

(b) 

Reactions:  determinate 

_ 

0y 

?9 

(c) 

Equilibrium  maintained 

A = C = 196.2  n| 

2. 

Three  non-concurrent,  non-parallel  reactions 

D 

u 

c 

(a) 

Plate:  completely  constrained 

Ivy 

(b) 

Reactions:  determinate 

B 

J-5- 

(c) 

Equilibrium  maintained 

B = 0,  C = D = 196.2  N f 

3. 

Four  non-concurrent,  non-parallel  reactions 

(a) 

Plate:  completely  constrained 

l 

c 

(b) 

Reactions:  indeterminate 

fi 

(c) 

Equilibrium  maintained 

Ax  = 294  N — , Bx  = 294  N — 

(Ay+Dy=392Nf) 

4. 

Three  concurrent  reactions  (through  D ) 

(a) 

Plate:  improperly  constrained 

Dr 

) 

(b) 

Reactions:  indeterminate 

h 

d 

(c) 

No  equilibrium  (XMD  ^ 0) 
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PROBLEM  4.59  (Continued) 


5.  Two  reactions 

(a)  Plate:  partial  constraint 

(b)  Reactions:  determinate 

(c)  Equilibrium  maintained 

C = R = 196.2  N| 

6.  Three  non-concurrent,  non-parallel  reactions 

(a)  Plate:  completely  constrained 

(b)  Reactions:  determinate 

(c)  Equilibrium  maintained 

B = 294  N — •%  D = 491  N ^53.1° 

7.  Two  reactions 

(a)  Plate:  improperly  constrained 

(b)  Reactions  determined  by  dynamics 

(c)  No  equilibrium  (ZFy  ^ 0) 

8.  For  non-concurrent,  non-parallel  reactions 

(a)  Plate:  completely  constrained 

(. b ) Reactions:  indeterminate 

(c)  Equilibrium  maintained 

B = = 196.2  Nf 

(C  + Dx=0) 


A 

t- 

& 
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PROBLEM  4.60 


The  bracket  ABC  can  be  supported  in  the  eight  different  ways  shown.  All  connections  consist  of  smooth  pins, 
rollers,  or  short  links.  For  each  case,  answer  the  questions  listed  in  Problem  4.59,  and,  wherever  possible, 
compute  the  reactions,  assuming  that  the  magnitude  of  the  force  P is  100  lb. 


Jsz 


H 


SOLUTION 

1 . Three  non-concurrent,  non-parallel  reactions 
{a)  Bracket:  complete  constraint 
(b)  Reactions:  determinate 
(< c ) Equilibrium  maintained 

A = 120.21b  ^56.3°,  B = 66.71b  — 


n , 


2. 


3. 


4. 


Four  concurrent,  reactions  (through  A) 

(a)  Bracket:  improper  constraint 

(b)  Reactions:  indeterminate 

(c)  No  equilibrium  (XM^  ^ 0) 


Two  reactions 


(a) 

Bracket:  partial  constraint 

(b) 

Reactions:  determinate 

e 1 

\lOOlb\C. 

(c) 

Equilibrium  maintained 

A = 50  lbf,  C = 501b| 

Three  non-concurrent,  non-parallel  reactions 

S'"! 

1 V 

(a) 

Bracket:  complete  constraint 

% 

1 ^ v a 

(b) 

Reactions:  determinate 

0 1 

\ i/o o/6 

(c) 

Equilibrium  maintained 

A = 50  lb  |,  B = 83.3  lb  ^ 36.9°,  C = 66.7  lb  — * - 
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PROBLEM  4.60  (Continued) 

5. 

Four 

non-concurrent,  non-parallel  reactions 

1 V 

(«) 

Bracket:  complete  constraint 

(b) 

Reactions:  indeterminate 

I ilOOlh  T- 

(c) 

Equilibrium  maintained  ( 'XMC  = 0)  = 50  lb 1 

6. 

Four 

non-concurrent,  non-parallel  reactions 

(a) 

Bracket:  complete  constraint 

0 b ) 

Reactions:  indeterminate 

e. 

,1  \kx>!b 

(c) 

Equilibrium  maintained 

Ax  = 66.7  lb  j,  B = 66.71b-= 

(Ay  +By  =100  lb  |) 

7. 

Three  non-concurrent,  non-parallel  reactions 

1 

(a) 

Bracket:  complete  constraint 

1 t 

0 b ) 

Reactions:  determinate 

(c) 

Equilibrium  maintained 

A = C = 50  lb  | 

8. 

Three  concurrent,  reactions  (through  A) 

(a) 

Bracket:  improper  constraint 

6j_^ 

c 

0 b ) 

Reactions:  indeterminate 

1 /OOJb 

(c) 

No  equilibrium  ( '£MA  ^ 0) 
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PRORI  FM  A fil 

Determine  the  reactions  at  A and  B when  a = 1 80  mm. 

240 

mm 

a Q 

V 

\* a 

SOLUTION 

Reaction  at  B must  pass  through  D where  A and  300-N  load  intersect.  Free-Body  Diagram: 

(Three-force  member) 

240 

A BCD  : tan  ft  = 

180 

/?  = 53.13° 


Force  triangle 

= (300  N)tan53.13° 

= 400  N 

300  N 

_ cos  53.13° 

= 500  N B = 500N^53.1°  ◄ 


^ — 1 — 


A = 400Nf  ◄ 
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300  N 

PROBLEM  4.62 

240 

mm 

For  the  bracket  and  loading  shown,  determine  the  range  of  values  of  the 
distance  a for  which  the  magnitude  of  the  reaction  at  B does  not  exceed 
600  N. 

B 

'q 

fr 

> 
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PROBLEM  4.63 

Using  the  method  of  Section  4.7,  solve  Problem  4.17. 

PROBLEM  4.17  The  required  tension  in  cable  AB  is  200  lb. 
Determine  {a)  the  vertical  force  P that  must  be  applied  to  the 
pedal,  ( b ) the  corresponding  reaction  at  C. 
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PROBLEM  4.64 

Using  the  method  of  Section  4.7,  solve  Problem  4.18. 

PROBLEM  4.18  Determine  the  maximum  tension  that  can 
be  developed  in  cable  AB  if  the  maximum  allowable  value  of 
the  reaction  at  C is  250  lb. 
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PROBLEM  4.65 

The  spanner  shown  is  used  to  rotate  a shaft.  A pin  fits  in  a 
hole  at  A,  while  a flat,  frictionless  surface  rests  against  the 
shaft  at  B.  If  a 60-lb  force  P is  exerted  on  the  spanner  at  D, 
find  the  reactions  at  A and  B. 


SOLUTION 


Free-Body  Diagram: 


(Three-Force  body) 


The  line  of  action  of  A must  pass  through  D,  where  B and  P intersect. 

3 sin  50° 

tan  a = 

3cos50°  + 15 

= 0.135756 

a = 7.7310° 


Force  triangle 


601b 


B = 


sin  7.7310° 
446.02  lb 
601b 


tan  7.7310° 
= 441.97  lb 


A = 446  lb  It,  7.73°  ◄ 
B = 442  lb  — *-  A 
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PROBLEM  4.66 

Determine  the  reactions  at B and D when  b-6 0 mm. 


SOLUTION 


Since  CD  is  a two-force  member,  the  line  of  action  of  reaction  at  D must  pass  through  Points  C and  D. 

Free-Body  Diagram: 

(Three-Force  body) 


Reaction  at  B must  pass  through  E , where  the  reaction  at  D and  80-N  force  intersect. 


tan  [3  = 

p= 


220  mm 
250  mm 
41.348° 


Force  triangle 


Law  of  sines 


Y/ 

zr  3.^S2^ 


'«■  v/.  * 

* 90%  m 

- J 3/ • 39S 

QoN 

4^ 


80  N _ B _ D 
sin  3.652°  sin 45°  sinl31.348° 

B = 888.0  N 

D = 942.8  N B = 888  41.3°  D = 943N  ^ 45.0°  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


417 


PROBLEM  4.67 

Determine  the  reactions  at  B and  D when  b- 120  mm. 


SOLUTION 


Since  CD  is  a two-force  member,  line  of  action  of  reaction  at  D must  pass 

Free-Body  Diagram: 

(Three-Force  body) 


through  C and  dTe*  . 

W6 


Reaction  at  B must  pass  through  E , where  the  reaction  at  D and  80-N  force  intersect. 


tan  [3  = 


280  mm 
250  mm 


[3  = 48.24° 


Force  triangle 


Law  of  sines 


sin  3.24°  sinl35°  sin41.76° 


B = 1000.9  N 

D = 942.8  N B = 1001N^48.2°  D = 943N  ^ 45.0°  ◄ 
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PROBLEM  4.68 

Determine  the  reactions  at  B and  C when  a = 1.5  in. 
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PROBLEM  4.69 

A 50-kg  crate  is  attached  to  the  trolley-beam  system  shown. 
Knowing  that  a = 1.5  m,  determine  ( a ) the  tension  in  cable  CD , 
( b ) the  reaction  at  B. 


SOLUTION 


Three-Force  body:  W and  T CD  intersect  at  E. 


tan  /3  = 


0.7497  m 
1.5  m 


1 3 = 26.56 ° 


Force  triangle  3 forces  intersect  at  E. 

W = (50  kg)  9.81  m/s2 
= 490.5  N 


Law  of  sines 


490.5  N _ Tcd  B 

sin  61.56°  ~~  sin 63.44°  " sin 55° 
Tcd  = 498.9  N 
B = 456.9  N 


Free-Body  Diagram: 


D 


(a) 

Tcd  = 499  N ◄ 

(b) 

B = 457  26.6°  ◄ 
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PROBLEM  4.70 

Solve  Problem  4.69,  assuming  that  a-  3 m. 

PROBLEM  4.69  A 50-kg  crate  is  attached  to  the  trolley-beam 
system  shown.  Knowing  that  a- 1.5  m,  determine  ( a ) the  tension 
in  cable  CD , ( b ) the  reaction  at  B. 


SOLUTION 


W and  JCD  intersect  at  E 


Free-Body  Diagram: 

Three-Force  body: 


22 


/ 3 = 5.122 ° 

Force  Triangle  (Three  forces  intersect  at  E.) 

W = (50  kg)  9.81  m/s2 
= 490.5  N 


Law  of  sines 


(a) 

(b) 


‘CD 


B 


490.5  N 

sin  29.278°  ” sin95.722°  sin55° 
Tcd  = 997.99  N 
B = 821.59  N 


Tcd  = 998  N ◄ 
B = 822  N 5.72°  ◄ 
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PROBLEM  4.71 

One  end  of  rod  AB  rests  in  the  comer  A and  the  other  end  is  attached  to 
cord  BD.  If  the  rod  supports  a 40-lb  load  at  its  midpoint  C,  find  the 
reaction  at  A and  the  tension  in  the  cord. 


SOLUTION 


Free-Body  Diagram:  (Three-Force  body) 


The  line  of  action  of  reaction  at  A must  pass  through  E , where  T and  the  40-lb  load  intersect. 


Force  triangle 


EF 


tan  a = = — 


23 

AF  12 
a = 62.447° 


0 EH  5 

tan  B = = — 

I)II  12 

ft  = 22.620° 

A T 


40  lb 


sin 67.380°  sin27.553°  sin  85.067° 


A = 37.1  lb^  62.4°  ◄ 
T = 18.57  lb  ◄ 
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PROBLEM  4.72 

Determine  the  reactions  at  A and  D when  (3  = 30°. 


SOLUTION 


From  f.b.d.  of  frame  ABCD 


+)ZMd=  0:  -^4(0.18  m)  + [(150  N)sin30°](0.10  m) 

+ [(150  N)cos30°](0.28  m)  = 0 

A = 243.74  N 

or  A = 244  N 

■N^FX  =0:  (243.74  N)  + (150  N)sin30°  + Dx  = 0 

Dx  =-318.74  N 

+ 1 Y.Fy  =0:  Dy  -(150  N)cos30°  = 0 


◄ 


Then 


and 


Dy  = 129.904  N 


D = ^Dxf  + D2x 

= f( 318.74)2  +(129.904)2 
= 344.19  N 


6 = tan  1 


= tan 


rD  ^ 


kd*j 


129.904 

-318.74 


-22.174° 


or  D = 344  N 2^  22.2°  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


423 


PROBLEM  4.73 

Determine  the  reactions  at  A and  D when  [5  = 60°. 


SOLUTION 


From  f.b.d.  of  frame  ABCD 


+)XMd=  0:  -^4(0.18  m)  + [(150  N)sin60°](0.10  m) 

+[(150  N)cos60°](0.28  m)  = 0 

A = 188.835  N 

or  A = 188.8  N 

-i-ZF;  =0:  (188.835  N)  + (150  N)sin 60°  + Dx  =0 

Dx  = -318.74  N 

+ fZF;=0:  Dy  -(150  N) cos 60°  = 0 


◄ 


Then 


and 


Dy  = 75.0N 


d=J(dJ7(dJ2 

= 7(318.74)2  +(75.0)2 
= 327.44  N 


9 = tan-1 


D x 


= tan 


75.0 


,-318.74 
= -13.2409° 


or  D = 327N^13.24°  ◄ 
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PROBLEM  4.74 

A 40-lb  roller,  of  diameter  8 in.,  which  is  to  be  used  on  a tile  floor,  is  resting 
directly  on  the  subflooring  as  shown.  Knowing  that  the  thickness  of  each  tile 
is  0.3  in.,  determine  the  force  P required  to  move  the  roller  onto  the  tiles  if 
the  roller  is  (a)  pushed  to  the  left,  (b)  pulled  to  the  right. 


SOLUTION 

See  solution  to  Problem  4.73  for  free-body  diagram  and  analysis  leading  to  the  following  equations: 

P 

r'l  + c„s«  (1) 

C = P,  Si"'  (2) 

1 + cos  0 

For  <9  = 45° 

Eq.  (1): 

T=  P = P r = 0.586P  ◄ 

1 + cos  45°  1.7071 

Eq.  (2): 

C = P Sin45“  = P°™71  c = 0.444 P—< 

1 + cos  45°  1.7071 
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PROBLEM  4.75 

Member  ABC  is  supported  by  a pin  and  bracket  at  B and  by  an 
inextensible  cord  attached  at  A and  C and  passing  over  a frictionless 
pulley  at  D.  The  tension  may  be  assumed  to  be  the  same  in  portions  AD 
and  CD  of  the  cord.  For  the  loading  shown  and  neglecting  the  size  of 
the  pulley,  determine  the  tension  in  the  cord  and  the  reaction  at  B. 
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PROBLEM  4.76 

Member  ABC  is  supported  by  a pin  and  bracket  at  B and  by  an 
inextensible  cord  attached  at  A and  C and  passing  over  a frictionless 
pulley  at  D.  The  tension  may  be  assumed  to  be  the  same  in  portions 
AD  and  CD  of  the  cord.  For  the  loading  shown  and  neglecting  the 
size  of  the  pulley,  determine  the  tension  in  the  cord  and  the  reaction 
at  B. 


SOLUTION 

Free-Body  Diagram: 


120 

tan  a- ; a = 

160 


Force  triangle 


4 3 5 

3T  = 4T-300;  T = 3001b 

B =—T  =—(300  lb)  = 375  lb 
4 4 


B = 375  lb  ^ 36.9° 
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SOLUTION 

The  reaction  at  A must  pass  through  D where  C and  170-N  force  intersect. 

160  mm 

tan  a = 

300  mm 

a = 28.07° 

We  note  that  triangle  ABD  is  isosceles  (since  AC  - BC)  and,  therefore 

< CAD  = a = 28.07° 

Also,  since  CD  _L  CB , reaction  C forms  angle  a = 28.07°  with  horizontal. 

Force  triangle 

We  note  that  A forms  angle  2 a with  vertical.  Thus  A and  C form  angle 

1 80°  - (90°  - a)  - 2a  - 90°  - a 
Force  triangle  is  isosceles  and  we  have 

A — 170  N 
C = 2(170  N)sin  a 
= 160.0  N 


Free-Body  Diagram: 

(Three-Force  body) 


OC.z28.OT 


A = 170.0  33.9°  C = 160.0  N ^ 28.1°  ◄ 
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SOLUTION 


The  reaction  at  A must  pass  through  D , where  C and  the  170-N  force  intersect. 


160  mm 

tan  a 

300  mm 

a = 28.07° 

We  note  that  triangle  ADB  is  isosceles  (since  AC  = BC).  Therefore  <A-<B  - 90 °- a. 

Also  < ADB  = 2a 

Force  triangle 

The  angle  between  A and  C must  be  2a- a -a 
Thus,  force  triangle  is  isosceles  and 

A = 170.0  N 

C = 2(170  N)cosa  = 300N 

A = 170.0  56.1°  C = 300  N 28.1°  ◄ 
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PROBLEM  4.79 


Using  the  method  of  Section  4.7,  solve  Problem  4.21. 


PROBLEM  4.21  Determine  the  reactions  at  A and  B when 
(a)  h = 0,  (b)  h - 200  mm. 
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SOLUTION 


Reaction  at  C must  pass  through  D where  force  P and  reaction  at  B intersect. 

In  A CDE:  tan  B = 

R 

= 73-1 

/3  = 36.2° 


Force  triangle 


Law  of  sines 


P _ B _ C 
sin23.8°  sinl26.2°  sin30° 

b = imp 


C = 1.239P 
(a) 


(*) 


Free-Body  Diagram: 

(Three-Force  body) 


B = 2P^60.0°  ◄ 
C = 1.239/,'^36.2°  ◄ 
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SOLUTION 


Reaction  at  C must  pass  through  D where  force  P and  reaction  at  B intersect. 


In  A CPE  : 


tan/3  - 




R 


= 1- 


A 


j3  = 22.9° 


Force  triangle 


Law  of  sines 


sin52.9°  sin67.1°  sin60° 

B = IA55P 


Free-Body  Diagram: 

(Three-Force  body) 


C = 1.086P 


(a) 

B = 1.155P^30.0°4 

(b) 

C = 1.086P^  22.9°  ◄ 
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PROBLEM  4.83 

Rod  AB  is  bent  into  the  shape  of  an  arc  of  circle  and  is  lodged  between  two 
pegs  D and  E.  It  supports  a load  P at  end  B.  Neglecting  friction  and  the 
weight  of  the  rod,  determine  the  distance  c corresponding  to  equilibrium 
when  a-  20  mm  and  R - 1 00  mm. 


SOLUTION 


Since  yED  = xED  = a , 

Slope  of  ED  is  45° 
slope  of  HC  is  45° 


Also 

and 

For  triangles  DHC  and  EHC 

Now 

For 


and 


DE  = V2 a 


DH  = HE  = 


V2 


a 

4ir 


c = i?sin(45°-/?) 


a = 20  mm  and  A = 1 00  mm 


sin  /?  = 


p= 


20  mm 
V2(100  mm) 
0.141421 
8.1301° 


c = (100  mm)sin(45°-  8.1301°) 


= 60.00  mm 


Free-Body  Diagram: 


A 


or  c-  60.0  mm  A 
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PROBLEM  4.84 

A slender  rod  of  length  L is  attached  to  collars  that  can  slide  freely  along  the 
guides  shown.  Knowing  that  the  rod  is  in  equilibrium,  derive  an  expression 
for  the  angle  0 in  terms  of  the  angle  / 3 ■ 
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SOLUTION 


(a) 


(b) 


As  shown  in  the  free-body  diagram  of  the  slender  rod  AB , the  three  forces  intersect  at  C.  From  the 
geometry  of  the  forces 


where 


and 


or 

For 


From  force  triangle 


and 


tan/?  = ^L 

yBc 


xcb  = —LsinO 


yBC  = L cos  6 

tan  B = — tan  6 
2 

tan<9  = 2tan/? 

J3  = 30° 

tan#  = 2 tan  30° 

= 1.15470 
6 = 49.107° 

w = mg  = (8  kg)(9.81  m/s2)  = 78.480  N 

A = W tan  fi 
= (78.480  N)  tan  30° 

= 45.310  N 


B = 


W_ 

cos  / 3 


78.480  N 
cos30° 


= 90.621  N 


Free-Body  Diagram: 


A 


or  0 = 49.1°  ◄ 

or  A = 45.3  N - — ◄ 
or  B = 90.6  N 60.0°  ◄ 
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PROBLEM  4.86 

A slender  uniform  rod  of  length  L is  held  in  equilibrium  as  shown,  with  one 
end  against  a frictionless  wall  and  the  other  end  attached  to  a cord  of  length  S. 
Derive  an  expression  for  the  distance  h in  terms  of  L and  S.  Show  that  this 
position  of  equilibrium  does  not  exist  if  S > 2 L. 
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PROBLEM  4.86  (Continued) 

For 

S-L=0  S=L 

Minimum  value  of  S is  L 

For 

S-2L  = 0 S = 2L 

Maximum  value  of  S is  2 L 

Therefore,  equilibrium  does  not  exist  if  S > 2L  A 
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PROBLEM  4.87 

A slender  uniform  rod  of  length  L = 20  in.  is  held  in  equilibrium  as  shown, 
with  one  end  against  a frictionless  wall  and  the  other  end  attached  to  a cord 
of  length  S = 30  in.  Knowing  that  the  weight  of  the  rod  is  10  lb,  determine 
{a)  the  distance  /z,  (b)  the  tension  in  the  cord,  (c)  the  reaction  at  B. 
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PROBLEM  4.87  (Continued) 

From  the  force  triangle 

r = ^ 

sin# 

101b 

~~  sin59.391° 

= 11.6190  lb 

or  T = 11.621b  ◄ 

(C) 

# = ^ 
tan# 

101b 

~ tan59.391° 

= 5.9161  lb 

or  B = 5.92  lb  — ◄ 
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SOLUTION 

Based  on  the  f.b.d.,  the  uniform  rod  AB  is  a three-force  body.  Point  E is  the  point  of  intersection  of  the  three 
forces.  Since  force  A passes  through  O , the  center  of  the  circle,  and  since  force  C is  perpendicular  to  the  rod, 
triangle  ACE  is  a right  triangle  inscribed  in  the  circle.  Thus,  E is  a point  on  the  circle. 

Note  that  the  angle  a of  triangle  DOA  is  the  central  angle  corresponding  to  the  inscribed  angle  6 of 
triangle  DCA. 

a = 20 

The  horizontal  projections  of  AE,(xae),  and  AG,(xag),  are  equal. 

XAE  ~ XAG  ~ XA 

or  (AE)  cos  20  = (A  G ) cos  0 

and  (2  R)  cos  20  = R cos  0 

Now  cos  20  = 2 cos2  0-1 

then  4 cos2  0-2  = cos 0 

or  4 cos2  0 - cos  $-2  = 0 

Applying  the  quadratic  equation 

cos  <9  = 0.84307  and  cos  0 = -0.59307 

<9  = 32.534°  and  0 = 126.375°(Discard)  or  <9  = 32.5°  ◄ 
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PROBLEM  4.89 

A slender  rod  of  length  L and  weight  W is  attached  to  a collar 
at  A and  is  fitted  with  a small  wheel  at  B.  Knowing  that  the 
wheel  rolls  freely  along  a cylindrical  surface  of  radius  R , and 
neglecting  friction,  derive  an  equation  in  0, \ L , and  R that  must 
be  satisfied  when  the  rod  is  in  equilibrium. 
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PROBLEM  4.91 


3 ft 


A 4x8-ft  sheet  of  plywood  weighing  34  lb  has  been  temporarily 
placed  among  three  pipe  supports.  The  lower  edge  of  the  sheet 
rests  on  small  collars  at  A and  B and  its  upper  edge  leans  against 
pipe  C.  Neglecting  friction  at  all  surfaces,  determine  the  reactions 
at  A,  B , and  C. 
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PROBLEM  4.92 

Two  tape  spools  are  attached  to  an  axle  supported  by 
bearings  at  A and  D.  The  radius  of  spool  B is  30  mm  and 
the  radius  of  spool  C is  40  mm.  Knowing  that  TB  = 80  N 
and  that  the  system  rotates  at  a constant  rate,  determine  the 
reactions  at  A and  D.  Assume  that  the  bearing  at  A does 
not  exert  any  axial  thrust  and  neglect  the  weights  of  the 
spools  and  axle. 
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PROBLEM  4.93 

Solve  Problem  4.92,  assuming  that  the  spool  C is  replaced 
by  a spool  of  radius  50  mm. 

PROBLEM  4.92  Two  tape  spools  are  attached  to  an  axle 
supported  by  bearings  at  A and  D.  The  radius  of  spool  B 
is  30  mm  and  the  radius  of  spool  C is  40  mm.  Knowing 
that  Tb  = 80  N and  that  the  system  rotates  at  a constant  rate, 
determine  the  reactions  at  A and  D.  Assume  that  the  bearing 
at  A does  not  exert  any  axial  thrust  and  neglect  the  weights 
of  the  spools  and  axle. 
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PROBLEM  4.94 

Two  transmission  belts  pass  over  sheaves  welded  to  an 
axle  supported  by  bearings  at  B and  D.  The  sheave  at  A 
has  a radius  of  2.5  in.,  and  the  sheave  at  C has  a radius 
of  2 in.  Knowing  that  the  system  rotates  at  a constant 
rate,  determine  (a)  the  tension  T,  ( b ) the  reactions  at  B 
and  D.  Assume  that  the  bearing  at  D does  not  exert  any 
axial  thrust  and  neglect  the  weights  of  the  sheaves  and 
axle. 
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PROBLEM  4.95 


A 200-mm  lever  and  a 240-mm-diameter  pulley  are 
welded  to  the  axle  BE  that  is  supported  by  bearings  at  C 
and  D.  If  a 720-N  vertical  load  is  applied  at  A when  the 
lever  is  horizontal,  determine  (a)  the  tension  in  the  cord, 
(. b ) the  reactions  at  C and  D.  Assume  that  the  bearing 
at  D does  not  exert  any  axial  thrust. 


SOLUTION 


Dimensions  in  mm 


We  have  six  unknowns  and  six  Eqs.  of  equilibrium-OK 

ZMC  = 0:  (-1 20k)  x (Dx  i + Dy  j)  + (1 20  j - 1 60k)  x 71  + (80k  - 200i)  x (-720 j)  = 0 


-1 20DX  j + 1 20Dyi  - 1207k  - 1 607j  + 57.6  x 1 03 i + 144  x 1 03 k = 0 


Equating  to  zero  the  coefficients  of  the  unit  vectors: 


(b) 


k:  —1207'  + 144xl03  =0 


(a)  T = 1200  N ◄ 


j: 

£FX=0: 
2^=0: 
IF.  =0: 


120  Dy  +57.6xl03  = 0 
-120F>X -160(1200  N)  = 0 
Cx+Dx+T  = 0 


Dy  = -480  N 

Dx  = -1600  N 

Cx  = 1600 -1200  = 400  N 


Cy+Dy-  720  = 0 c7  =480 + 720  = 1200  N 


cz=o 

c = (400  N)i  + (1200  N)j  D = -(1600  N)i  -(480  N)j  ◄ 
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PROBLEM  4.96 

Solve  Problem  4.95,  assuming  that  the  axle  has 
been  rotated  clockwise  in  its  bearings  by  30°  and 
that  the  720-N  load  remains  vertical. 

PROBLEM  4.95  A 200-mm  lever  and  a 240-mm- 
diameter  pulley  are  welded  to  the  axle  BE  that  is 
supported  by  bearings  at  C and  D.  If  a 720-N 
vertical  load  is  applied  at  A when  the  lever  is 
horizontal,  determine  ( a ) the  tension  in  the  cord, 
(b)  the  reactions  at  C and  D.  Assume  that  the 
bearing  at  D does  not  exert  any  axial  thrust. 


SOLUTION 


Dimensions  in  mm 


We  have  six  unknowns  and  six  Eqs.  of  equilibrium. 

ZMC  = 0:  (-120k)  x (Dx  i + Dy  j)  + (1 20  j - 1 60k)  xTi  + (80k  - 1 73 .2  li)  x (-720 j)  = 0 


-1 20DJ  + 1 20Zy  -1 20T  k - 1 60rj  + 57.6  x 1 03  i + 1 24.7 1 x 1 03  k = 0 


Equating  to  zero  the  coefficients  of  the  unit  vectors: 


(b) 


k: 

j: 

Wx=  0: 
ZFy=  0: 
£FZ=0: 


-120J  + 124.71xl03  =0 
\20Dy  +57.6x1 03  =0 
-120Z)X -160(1039.2) 
Cx+Dx+T  = 0 

Cy+Dy  -120  = 0 


T = 1039.2  N 
Dy  =-480  N 
Dx  = -1385.6  N 
Cx  =1385.6-1039.2  = 346.4 
Cy  = 480 + 720  = 1200  N 


7 = 1039  N ◄ 


cz=o 

C = (346  N)i  + (1200  N)j  D = -(1386  N)i- (480  N)j  ◄ 
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PROBLEM  4.97 

An  opening  in  a floor  is  covered  by  a lxl.2-m  sheet  of 
plywood  of  mass  18  kg.  The  sheet  is  hinged  at  A and  B and 
is  maintained  in  a position  slightly  above  the  floor  by  a small 
block  C.  Determine  the  vertical  component  of  the  reaction 
(a)  at  A,  ( b ) at  B , (c)  at  C. 
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PROBLEM  4.98 

Solve  Problem  4.97,  assuming  that  the  small  block  C 
is  moved  and  placed  under  edge  DE  at  a point  0.15  m 
from  comer  E. 

PROBLEM  4.97  An  opening  in  a floor  is  covered  by 
a 1 x 1.2-m  sheet  of  plywood  of  mass  18  kg.  The  sheet 
is  hinged  at  A and  B and  is  maintained  in  a position 
slightly  above  the  floor  by  a small  block  C.  Determine 
the  vertical  component  of  the  reaction  (a)  at  A,  (b)  at  B , 
(c)  at  C. 


SOLUTION 


r bia  = 0.6i 
rc/A  = 0.65i  + 1.2k 
yG/A  =0.3i  + 0.6k 

W = mg  = (18  kg)  9.81  m/s2 
W = 176.58  N 

ZMa  = 0 : rm  x B\  + rc/A  x Cj  + rG/A  x(-Wj)  = 0 
0.6i  x Bj  + (0.65i  + 1 .2k)  x Cj  + (0.3i  + 0.6k)  x (-fVj)  = 0 


0.65k  + 0.65Ck  - 1 ,2Ci  - 0.31Ek  + 0.6Wi  = 0 


Equate  coefficients  of  unit  vectors  to  zero: 


-1.2C  + 0.6JE  = 0 C = 


0.6 

L2 


176.58  N = 88.29  N 


k:  0.6B  + 0.65C-0.3W  = 0 

0.65  + 0.65(88.29  N)  - 0.3(176.58  N)  = 0 B = -7.36  N 


lFy=  0:  A + B + C-W  = Q 

A - 7.36  N + 88.29  N - 176.58  N = 0 
(a)  A = 95.6  N (b)  -7.36  N (c)  88.3  N 


A = 95.648  N 


◄ 
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SOLUTION 

Free-Body  Diagram: 


— 0 : rA/B  XTJ  + rc/B  x Tc j + rG/B  x ( 80  lb) j — 0 
(60  in.)k  x TA  j + [(60  in.)i  + (15  in.)k]  x Tc  j + [(30  in.)i  + (30  in.)k]  x (-80  lb)  j = 0 


-60r4i  + 60rck  - 15Tci  - 2400k  + 2400i  = 0 


Equating  to  zero  the  coefficients  of  the  unit  vectors: 

i:  607^ -15(40) + 2400  = 0 


607^-2400  = 0 


~LFy  = 0:  Ta+Tb+Tc-  801b  = 0 


30  Vo  + TB  + 40  lb  - 80  lb  = 0 


T4  =30.0  lb  ◄ 
Tc  =40.0  lb  ◄ 

Tb  =10.00  lb  ◄ 
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SOLUTION 

Free-Body  Diagram: 


Let  -Wb  j be  the  weight  of  the  block  and  x and  z the  block’s  coordinates. 

Since  tensions  in  wires  are  equal,  let 

ta=tb  = tc  = t 

EM0  = 0:  (r,  x 7j)  + (rB  x 7j)  + (rc  x 7J)  + rG  x (-Wj)  + (xi  + zk) x (-Whj)  = 0 


or,  (75  k)  x 7j  + (1 5 k)  x 7]  + (60i  + 30k)  x 7]  + (30i  + 45k)  x (-Wj)  + (xi  + zk)  x (-WJ)  = 0 
or,  -757i  - 1 574  + 60Tk  - 3074  - 30Wk  +45Wi-Wbxk  + Wbzi  = 0 

Equate  coefficients  of  unit  vectors  to  zero: 


i: 

-120E  + 45W  + Wbz  = 0 

(1) 

k: 

6071  - 30W  - Wbx  = 0 

(2) 

Also,  lFy=  0: 

O 

II 

1 

1 

m 

(3) 

Eq.  (1)  + 40  Eq.  (3): 

5W  + (z-40)Wb  =0 

(4) 

Eq.  (2)  - 20  Eq.  (3): 

-10W  - (x  - 20)Wb  =0 

(5) 
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PROBLEM  4.100  (Continued) 

Solving  (4)  and  (5)  for  Wh/W  and  recalling  of  0 < x < 60  in.,  0 < z < 90  in., 

(4): 

Wb  = 5 > 5 =0.125 

W 40  -z  40-0 

(5): 

Wb=  10  ^ 10  =0.5 

W 20-x  20-0 

Thus,  (Wb  )mm 

= 0.5W  = 0.5(80)  = 40  lb 

(^)min=40.01b  ◄ 

Making  Wb  = 

0.5 W in  (4)  and  (5): 

5Jf  + (z-40)(0.51T)  = 0 

z = 30.0  in.  4 

—10W  — (x  — 20)(0.51F)  = 0 

x = 0 in.  4 
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PROBLEM  4.102  (Continued) 

(. b ) Reactions: 

mg  = (8 kg/m)  9.81  m/s2  = 78.48  N/m 

Ta  = 03m  g = 0.3x78.48  = 23.544  N 

Ta  = 23.5  N ◄ 

2^=0:  Ta+Tc+Td-W{-W2=  0 

Ta  + 0 + Td  — 0.6m  g — 1 2m  g = 0 

Td  = \.8m'g  — Ta  =1.8x78.48  — 23.544  = 117.72 

Td  =117.7  N ◄ 
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PROBLEM  4.103  (Continued) 

{b)  For  tension  in  each  wire  = 8 lb 

Eq.0)  8!b=15(241b> 

30  + a 

30in.  + a = 45 

a = 15.00  in.  4 
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W c 


PROBLEM  4.104 

The  table  shown  weighs  30  lb  and  has  a diameter  of  4 ft.  It  is  supported  by 
three  legs  equally  spaced  around  the  edge.  A vertical  load  P of  magnitude 
100  lb  is  applied  to  the  top  of  the  table  at  D.  Determine  the  maximum 
value  of  a if  the  table  is  not  to  tip  over.  Show,  on  a sketch,  the  area  of  the 
table  over  which  P can  act  without  tipping  the  table. 


SOLUTION 

We  shall  sum  moments  about  AB. 


r = 2 ft  b = r sin  30°  = 1 ft 

(b  + r)C  + (a-b)P-bW  = 0 
(1  + 2)C  + (a- 1)100  - (1)30  = 0 

c = I[30  -(a  -1)100] 


If  table  is  not  to  tip,  C > 0 


[30  -(a- 1)100]  >0 
30  > (a  -1)100 

a- 1<0.3  a <1.3  ft  a = 1.300  ft 


Only  _L  distance  from  P to  AB  matters.  Same  condition  must  be  satisfied  for  each  leg.  P must  be  located 
in  shaded  area  for  no  tipping 
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PROBLEM  4.105  (Continued) 


1F  = 0:  A~- —(1100  lb)  -—(1100  lb)  = 0 
* x 11  11 

Ax  = 1200  lb 

ZF '=  0:  Av  + — (1 100  lb)  + — (1 100  lb)  - 840  lb  = 0 
y yn  li 


Ay  = -560  lb 


IF=  0:  A +—(1100  lb)  — — (1 100  lb)  = 0 
11  11 

A=  0 


A = (1200  lb)i  - (560  lb)j  ◄ 
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PROBLEM  4.106 

A 2.4-m  boom  is  held  by  a ball-and-socket  joint  at  C and  by  two 
cables  AD  and  AE.  Determine  the  tension  in  each  cable  and  the 
reaction  at  C. 


SOLUTION 

Free-Body  Diagram:  Five  Unknowns  and  six  Eqs.  of  equilibrium.  Equilibrium  is  maintained  (ZM4C  = 0). 


rB  - 1 .2k 

rA  = 2-4k 


AD  = -0.8i  + 0.6j  - 2.4k  AD  = 2.6  m 
+E  = 0.8i  + 1 .2  j - 2.4k  AE  = 2.8  m 

AT)  T 

= -^-(-0.8i  + 0.6j  - 2.4k) 

AD  2.6 

Af  T 

= -4^(0. 8i  + 1.21  — 2.4k) 

AE  2.8 


VAD 


VAE  ^ lB  ■ 


i 

j 

k 

i 

j 

k 

0 

0 

2.4 

Tad  ! 

0 

0 

2.4 

2.6 

-0.8 

0.6 

-2.4 

0.8 

1.2 

-2.4 

+ 1 .2k  x (-3.6  kN)j  = 0 

2.8 


Equate  coefficients  of  unit  vectors  to  zero. 

i:  -0.55385  TAj 
j:  -0.73846  7^+0.686717^=0 


i:  -0.55385  TAD  - 1 .02857  TAE  + 4.32  = 0 


TAd  = 0.92857  Tae 


(1) 

(2) 


Eq.  (1): 


0.55385(0.92857)  TAE  -L02857  TAE  +4.32  = 0 


1.54286  Tae  =4.32 

Tae  = 2.800  kN 


Tae  = 2.80  kN  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


463 


PROBLEM  4.106  (Continued) 


Eq.  (2): 


Tad  = 0.92857(2.80)  = 2.600  kN 

IF  =0:  Cx-— (2.6kN)  + — 
x x 2.6  2.8 

2;F=0:  Cv+—  (2.6kN)  + — 
7 J 2.6  2.8 

2.4  2.4 

IF  =0:  Cz (2.6  kN) 

2.6  2.8 


Tad  = 2.60  kN 

(2.8  kN)  = 0 Cx  =0 

(2.8  kN)  - (3.6  kN)  = 0 C,=1.800kN 

(2.8  kN)  = 0 Cz  = 4.80  kN 

C = (1 . 800  kN)  j + (4. 80  kN)k 


◄ 


◄ 
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PROBLEM  4.107 

Solve  Problem  4.106,  assuming  that  the  3.6-kN  load  is  applied  at 
Points. 

PROBLEM  4.106  A 2.4  -m  boom  is  held  by  a ball-and-socket  joint 
at  C and  by  two  cables  AD  and  AE.  Determine  the  tension  in  each 
cable  and  the  reaction  at  C. 


SOLUTION 


Free-Body  Diagram:  Five  unknowns  and  six  Eqs.  of  equilibrium.  Equilibrium  is  maintained  (EM4C  = 0). 


AD  = -0.8i  + 0.6  j - 2.4k  AD  = 2.6  m 
AE  = 0.8i  + 1 .2j  - 2.4k  AE  = 2.8  m 

A f)  T 

TAD=~ - = ^(-0.8i  + 0.6\-2Ak) 

AD  2.6 

aE  j 

Taf= = ^(0.8i  + 1.2j-2.4k) 

AE  AE  2.8 

EMC  = 0 : rAx  TAD  +rAx  TAE  + r,  x (—3 .6  kN)  j 


Factor  rA\ 
or: 

Coefficient  of  i: 


Coefficient  of  j : 


rA  x A ad  + Tae  - (3.6  kN)j) 

Tad  + ^ae  ~ (3  kN)  j = 0 (Forces  concurrent  at  A ) 

„Zk_(0.8)  + ^(0.8)  = 0 

2.6  2.8 

T T 

AD  ~ 2 8 AE 


^-(0.6)  + ^-(1 .2)  - 3.6  kN  = 0 
2.6 


e(— 1 + ■ — T„  - 3.6 kN  = 0 


2.6  J 2.8 


AE 


LAE 


0.6  + 1.2 
2.8 


= 3.6  kN 


Tae  = 5.600  kN 


(1) 


Tae  = 5.60  kN  ◄ 
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PROBLEM  4.107  (Continued) 

Eq.  (1): 

Tad  = ^f(5-6)  = 5.200  kN 

z.o 

T4D  = 5.20  kN  ◄ 

IFX  = 0:  Cx~  — (5.2kN)  + — (5.6kN)  = 0; 

2.6  2.8 

ll 

o 

IF  =0:  C + — (5.2kN)  + — (5.6kN)-3.6kN  = 0 
2.6  2.8 

vP 

II 

o 

IFz=0:  Cz-  ^(5.2  kN)- ^(5.6  kN)  = 0 

Z.O  z.o 

Cz  =9.60  kN 

C = (9.60  kN)k  ◄ 

Note:  Since  forces  and  reaction  are  concurrent  at  A,  we  could  have  used  the  methods  of  Chapter  2. 
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PROBLEM  4.108 

A 600-lb  crate  hangs  from  a cable  that  passes  over  a 
pulley  B and  is  attached  to  a support  at  H.  The  200-lb 
boom  AB  is  supported  by  a ball-and-socket  joint  at  A 
and  by  two  cables  DE  and  DF.  The  center  of  gravity 
of  the  boom  is  located  at  G.  Determine  (a)  the  tension 
in  cables  DE  and  DF , (b)  the  reaction  at  A. 


SOLUTION 


Free-Body  Diagram: 


Wc  = 600  lb 
WG  = 200  lb 


We  have  five  unknowns  (TDF  >TDF,Ax,Ay,Az)  and  five  equilibrium  equations.  The  boom  is  free  to  spin  about 
the  AB  axis,  but  equilibrium  is  maintained,  since  ^MAB  = 0. 

We  have  BH  = (30  ft)i  -(22.5  ft)j  BH  = 37.5  ft 

DE  = (13.8  ft)i  --^|-(22.5  ft)j  + (6.6  ft)k 

= (1 3.8  ft)i  - (1 6.5  ft)  j + (6.6  ft)k  DE  = 22.5  ft 

DF  = (13.8  ft)i  - (16.5  ft)j  - (6.6  ft)k  DF  = 22.5  ft 
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PROBLEM  4.108  (Continued) 


Thus:  TBH  =Tbh^  = (600  lb)^C^21  = (480  lb)i  - (360  lb)j 

n/7  t 

Tz*  =Tra  — = -^(13.8i-16.5j  + 6.6k) 

DE  22.5 

TTf  T 

Tdf  =Tdf = — ^-(13.8i-16.5j-6.6k) 

DF  DF  DF  22.5 


(a)  XM^— 0:  (r;  x Wc  ) + (r^  x Wc  ) + (rff  x ) + (r£  x ) + (rf  x Tflf. ) - 0 

- (12i)  x (— 600j)  - (6i)  x (-200j)  + (18i)  x (480i  - 360j) 

! ^ DE 

22.5 

or,  7200k  + 1200k  - 6480k  + 4.84(7^  - TDF) i 

58.08  v 82.5  ji  ..  _n 

+ 22  5 M 22  5 0i>£  _ ® 

Equating  to  zero  the  coefficients  of  the  unit  vectors: 

* or  j : Tde  ~ ^df  = ® Tde  ~ ^df* 

82  5 

k:  7200  + 1200- 6480 (27^)  = 0 rD£=  261.82  lb 


i 

j k 

i 

j 

k 

5 

0 6.6 

! Tdf 

oo  ^ 

5 

0 

-6.6 

13.8 

-16.5  6.6 

ZZ.J 

13.8 

-16.5 

-6.6 

TDE  = = 262  lb  ◄ 


(6)  ZF,=0:  4+480  + 2 


^ 13.8  ^ 


V22.5y 


IFy=  0:  4-600-200-360-2 


(261.82)  = 0 
16.5  A 


22.5 


4 =-801.17  lb 
(261.82)  = 0 4 =1544.00  lb 


ZF=  0:  4=0 


A = -(80 1 lb)i  + (1 544  lb) j ◄ 


*Remark:  The  fact  that  TDE  = TDF  could  have  been  noted  at  the  outset  from  the  symmetry  of  structure  with 
respect  to  xy  plane. 
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PROBLEM  4.109 

A 3-m  pole  is  supported  by  a ball-and-socket  joint  at^4  and 
by  the  cables  CD  and  CE.  Knowing  that  the  5-kN  force  acts 
vertically  downward  (0  = 0),  determine  ( a ) the  tension  in 
cables  CD  and  CE , (b)  the  reaction  at  A. 


SOLUTION 

Free-Body  Diagram: 

By  symmetry  with  xy  plane 


T cd  - Tce  ~ T 
CD  = - 3i-hl.5j-hl.2k 
CD  = 3.562  m 


T =TCD  =T~3i  + L5  J + 12k 
CI)  CD  3.562 


TCe=T 


-3i  + 1.5j  — 1.2k 


3.562 


rB/A  = 2i  rC!A  = 31 


ZM4  — 0 : rc/A  x Tcd  + rc/A  x TCE  + rB/A  x ( 5 kN)  j — 0 


i j k 

3 0 0 

-3  1.5  1.2 


lC/A  ^ *CD  — 1 C/A  ^ lB/A 

i j k 

3 0 0 

-3  1.5  -1.2 


3.562 


3.562 


1 j k 

2 0 0 
0-5  0 


Coefficient  of  k: 


3xl.5x- 


-10  = 0 T = 3.958  kN 


3.562 

YjF  = 0\  A + Tcd  + Tce  - 5 j = 0 
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PROBLEM  4.109  (Continued) 

Coefficient  of  k: 

4=0 

Coefficient  of  i: 

Ax  -2[3. 958x3/3. 562]  = 0 

Ax  = 6.67  kN 

Coefficient  of  j: 

Ay  +2[3. 958x1. 5/3. 562]-5  = 0 

Ay  =1.667  kN 

(a) 

TCd  = Tce  =3.96  kN 

(b) 

A = (6.67  kN)i  + (1 .667  kN) j ◄ 
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PROBLEM  4.110 

A 3-m  pole  is  supported  by  a ball-and-socket  joint  at  A and 
by  the  cables  CD  and  CE.  Knowing  that  the  line  of  action 
of  the  5-kN  force  forms  an  angle  (j)  = 30°  with  the  vertical 
xy  plane,  determine  ( a ) the  tension  in  cables  CD  and  CE , 
( b ) the  reaction  at  A. 


SOLUTION 


Free-Body  Diagram: 

Five  unknowns  and  six  Eqs.  of  equilibrium  but  equilibrium  is 
maintained  (EMAC  = 0) 

rB!A  = 21 

VC/A  =3i 

Load  at  B.  = -(5  cos  30) j + (5  sin  30)k 

= — 4.33  j + 2.5k 

CD  = -3i  + 1.5j  + 1.2k  CD  = 3.562  m 
CD  T 

j =Tcd = (-3i-hl.5j-hl.2k) 

CD  CD  CD  3 562V  J 


Similarly,  TC£  = — — — (— 3i  + 1 ,5j  — 1 .2k) 

3.562 

= 0:  xcjA  x TCZ)  + xcjA  x Tc^  + xB/A  x ( 4.33 j + 2.5k)  = 0 


i 

j 

k 

i 

j 

k 

i 

j 

k 

3 

0 

0 

Tcd 

3 

0 

0 

Tce 

2 

0 

0 

3.562 

3.562 

-3 

1.5 

1.2 

-3 

1.5 

-1.2 

0 

-4.33 

2.5 

Equate  coefficients  of  unit  vectors  to  zero. 

j:  -3.6^-  + 3.6-^ — 5 = 0 
3.562  3.562 

-3.6Tcd  + 3.6Tce  - 17.810  = 0 


(1) 
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PROBLEM  4.110  (Continued) 


(2) + 1.25(1): 
Eq.  (1): 


Answers: 

(a) 

(b) 


k:  4.5-^-  + 4.5^ — 8.66  = 0 
3.562  3.562 

4.5rCD+4.5rcir  =30.846 

9Tce  -53.11  = 0 Tce=  5.901  kN 

-3.6  Tcd  + 3.6(5.901)  - 17.810  = 0 

Tcd  = 0.954  kN 


Y.F  = 0\  A + Tcd  + TC£  - 4.33j  + 2.5k  = 0 


• ^ 0.954  5.901  . 

i:  Ar+ — (-3)  + (-3)  = 0 


3.562 


3.562 


Ax  = 5.77  kN 

j:  4+^(1.5)  + ^i(1.5)-4.33  = 0 
1 3.562  3.562 


Av  =1.443  kN 


k:  Az+^^-(  1.2)  + -^^-(-1.2)  + 2.5  = 0 
z 3.562  3.562 


A,  = -0.833  kN 


(2) 


Tcd  = 0.954  kN 


Tce  = 5.90  kN  ◄ 
A = (5.77  kN)i  + (1 .443  kN)j  - (0.833  kN)k  ◄ 
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PROBLEM  4.111 

A 48-in.  boom  is  held  by  a ball-and-socket  joint  at  C and 
by  two  cables  BF  and  DAE ; cable  DAE  passes  around  a 
frictionless  pulley  at  A.  For  the  loading  shown,  determine 
the  tension  in  each  cable  and  the  reaction  at  C. 


SOLUTION 

Free-Body  Diagram: 

Five  unknowns  and  six  Eqs.  of  equilibrium  but  equilibrium  is 
maintained  (ZMAC  = 0). 

T = Tension  in  both  parts  of  cable  DAE. 

yb  = 30k 


rA  = 48k 

AD  = -20i  - 48k 
AE  = 20j-48k 
BE  = 16i-30k 


AD  = 52  in. 
AE  = 52  in. 
BF  = 34  in. 


AD 


lAD 


*AE 


-T = — (— 20i  - 48k)  = — (-5i  - 1 2k) 

AD  52  13 

:7^=^(20j_48k)=H(5j_12k) 

V = V |^  = ^(16i-30k)  = ^(8i-15k) 

XMC  = 0 : rA  x TAD  + ya  x Tae  + rB  x TBF  + rB  x (—320  lb) j = 0 


“■  + (30k)  x (-320 j)  = 0 


i 

j 

k 

T 

1 

j 

k 

T 

1 

j 

k 

0 

0 

48 

b 

13 

0 

0 

48 

h 

13 

0 

0 

30 

-5 

0 

-12 

0 

5 

-12 

8 

0 

-15 

Coefficient  of  i: 


240 

TV 


T + 9600  = 0 T = 520  lb 
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PROBLEM  4.111  (Continued) 

Coefficient  of  j: 

_240j+240 

13  17  BD 

TBD=nT=n(520)  ^=6801b 

EF  — 0:  + Tae  + T5F  320j  + C - 0 


Coefficient  of  i: 

20  8 

(520)  +— (680)  + Cr  =0 

52  17 

-200  + 320  + CX=0  Cx  =-120  lb 

Coefficient  of  j: 

20 

— (520)-320  + Cv  =0 

52  J 

200  - 320  + = 0 Cy  =120  lb 

Coefficient  of  k: 

-—(520)-— (520)-— (680)  + Cz  =0 

52  52  34 

-480 -480- 600 + CZ  =0 

Cz  =1560  lb 

Answers:  TDAE  = T 

tdae  =520  lb  ◄ 

Tbd  = 680  lb  ◄ 

C = -(120.0  lb)i  + (120.0  lb)j  + (1560  lb)k  ◄ 
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PROBLEM  4.112 

Solve  Problem  4.111,  assuming  that  the  320-lb  load  is 
applied  at  A. 

PROBLEM  4.111  A 48-in.  boom  is  held  by  a ball-and- 
socket  joint  at  C and  by  two  cables  BF  and  DAE ; cable 
DAE  passes  around  a frictionless  pulley  at  A.  For  the 
loading  shown,  determine  the  tension  in  each  cable  and 
the  reaction  at  C. 


SOLUTION 

Free-Body  Diagram: 

Five  unknowns  and  six  Eqs.  of  equilibrium  but  equilibrium  is 
maintained  (EMAC  = 0). 

T = tension  in  both  parts  of  cable  DAE. 

rB  = 30k 
rA  = 48k 

AD  = -20i  - 48k  AD  = 52  in. 
AE  = 20j-48k  AE  = 52  in. 
£F  = 16i-30k  BF  = 34  in. 


Coefficient  of  i: 


Tad  = “20i  - 48k>  = irC51  - 12k> 

AD  52  13 

Af  T T 

T"=rir  52(20i-48k)=i3(5j-12k) 

T„  = Tbf  = ^(1 6i  - 30k)  = ^(8i  - 1 5k) 

YjMc  — 0 : rA  x TAD  +vAx  TAE  + r5  x TBF  + ya  x (—320  lb) j = 0 


i j 

k 

T 

1 

j 

k 

T 

1 

j 

k 

0 0 

48 

b 

13 

0 

0 

48 

h 

13 

0 

0 

30 

o 

i n 

1 

-12 

0 

5 

-12 

8 

0 

-15 

+ 48k  x (-320 j)  = 0 


240 

IT 


T + 15360  = 0 


T = 832  lb 
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PROBLEM  4.112  (Continued) 

Coefficient  of  j: 

_240r+240 

13  17  BD 

Tbd=Ht=H^2)  r^=10881b 

£F  = 0 : Tad  + Tae  + Tbf  — 320 j + C = 0 

Coefficient  of  i: 

20  8 

(832)  +— (1088)  + C =0 

52  17 

-320  + 512  + Cx  =0  Cx  =-192  lb 

Coefficient  of  j: 

— (832)- 320 + C =0 

52  y 

320-320  + Cy  =0  Cy=  0 

Coefficient  of  k: 

-—(832)-— (852)-— (1088)  + C7  =0 

52  52  34 

-768 -768- 960 + CZ  =0  Cz=24961b 

Answers: 

T -T 

1 DAE  1 

Tdae  = 832  lb  ◄ 

Tbd  =1088  lb  ◄ 

c = 

-(192.0  lb)i  + (2496  lb)k  ◄ 
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PROBLEM  4.113 

A 20-kg  cover  for  a roof  opening  is  hinged  at  corners  A and  B. 
The  roof  forms  an  angle  of  30°  with  the  horizontal,  and  the 
cover  is  maintained  in  a horizontal  position  by  the  brace  CE. 
Determine  ( a ) the  magnitude  of  the  force  exerted  by  the  brace, 
(, b ) the  reactions  at  the  hinges.  Assume  that  the  hinge  at  A does 
not  exert  any  axial  thrust. 


SOLUTION 

Force  exerted  by  CD 


F = F(sin  75°)i  + F(  cos  75°)  j 
F = F(0.2588i  + 0.9659j)  n 

w = mg  = 20  kg(9.81  m/s2)  = 196.2  N 
xm  = 0.6k 
rc/B  =0.9i  + 0.6k 


O.b'1* 


lG/B 


:0.45i  + 0.3k 


F = F(0.2588i  + 0.9659j) 

XM5  = 0 : yg/b  x (-1 96.2 j)  + rc/B  x F + rA/B  x A = 0 


i 

j 

k 

i 

j 

k 

i 

j 

k 

0.45 

0 

0.3 

+ 

0.9 

0 

0.6 

F + 

0 

0 

0.6 

0 

-196.2 

0 

0.2588 

+0.9659 

0 

Ax 

4 

0 

= 0 


Coefficient  of  i : 

Coefficient  of  j : 
Coefficient  of  k: 
Eq.  (2): 

Eq.  (3): 


4=0 


Coefficient  of  i: 
Coefficient  of  j : 
Coefficient  of  k: 


+58.86  - 0.5796F  - 0.6  Ay  = 0 

+0.1553F  + 0.64  =0 
-88.29 + 0.8693F  = 0:  F = 101.56  N 
+58.86  - 0.5796(101.56)  - 0.6 Ay 

+0.1553(101.56)  + 0.64  =°  Ax  = -26.29  N 
F = 101.6  N 

EF: 

26.29  + Bx+  0.2588(101.56)  = 0 Bx=  0 
By  +0.9659(101.56)  -196.2  = 0 By  =98.  IN 

B =0 


A + B + F-lFj  =0 


(1) 

(2) 


A = -(26.3  N)i  ◄ 


B = (98.1  N)j  ◄ 
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SOLUTION 


Free-Body  Diagram:  A ABH  is  equilateral 

Dimensions  in  mm 


rF/C  =350i  + 250k 

T = 7(sin  30°)  j - 7(cos  30°)k  = 7(0.5  j - 0.866k) 
XMC  = 0:  rHIC  xT  + ri)xD  + rF/c  x (-400j)  = 0 


i 

j 

k 

i 

j 

k 

i 

j 

k 

-50 

250 

0 

7 + 

300 

0 

0 

+ 

350 

0 

250 

0 

0.5 

-0.866 

0 

Dy 

Dz 

0 

-400 

0 

Coefficient  i:  -216.57 + 100xl03  =0 

7 = 461.9  N 

Coefficient  of  j:  -43.37  - 300DZ  = 0 

-43.3(461.9)  - 3007»z  =0  7>Z=-66.67N 


7 = 462  N ◄ 
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PROBLEM  4.114  (Continued) 

Coefficient  of  k: 

-257  + 300D^  -140xl03  =0 

-25(461.9)  + 300£>y  -140xl03  =0 

Dy  = 505.1  N 

EF  = 0:  C + D + T - 400j  = 0 

D = (505  N)j- (66.7  N)k  ◄ 

Coefficient  i: 

ll 

o 

o 

II 

c 

Coefficient  j : 

Cy  + (46 1 .9)0.5  + 505. 1 - 400  = 0 

Cy  =-336N 

Coefficient  k: 

C2  -(461.9)0.866-66.67  = 0 

Cz  = 467  N 

C = -(336  N)j  + (467  N)k  ◄ 
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PROBLEM  4.115 

A 100-kg  uniform  rectangular  plate  is  supported  in  the  position 
shown  by  hinges  A and  B and  by  cable  DCE  that  passes  over  a 
frictionless  hook  at  C.  Assuming  that  the  tension  is  the  same  in 
both  parts  of  the  cable,  determine  {a)  the  tension  in  the  cable, 
(. b ) the  reactions  at  A and  B.  Assume  that  the  hinge  at  B does 
not  exert  any  axial  thrust. 


SOLUTION 


yb/a  (960  - 1 80)i  = 780i 
960 


Dimensions  in  mm 


VG/A  ~ 


VC!A 


-90 

. 2 j 

= 390i  + 225k 
= 600i  + 450k 


450 

+ k 

2 


T = Tension  in  cable  DCE 


CD  = -690i  + 675 j - 450k 
CE  = 270i  + 675 j - 450k 
T 


CD  = 1065  mm 
CE  = 855  mm 


Tcd  " 


1065 


(— 690i  + 675 j - 450k) 


1 

j 

k 

T 

1 

j 

k 

600 

0 

450 

1065 

600 

0 

450 

-690 

675 

-450 

270 

675 

-450 

i 

j 

k 

i 

j 

k 

+ 

390 

0 

225 

+ 

780 

0 

0 

0 

-981 

0 

0 

By 

Bz 

CTT 


Tce  = (270i  + 675 j - 450k) 

855 

w = -mgi  = -(100  kg)(9.81  m/s2)j  = -(981  N)j 
= 0 : rc/A  x TCD  + rc/A  x TCE  + rG/A  x (— Wy)  + rB/A  x B = 0 


855 


= 0 
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PROBLEM  4.115  (Continued) 

Coefficient  of  i: 

(450)(675)  T (450)(675)  T + 220.725  xlO3  = 0 

1065  855 

T = 344.6  N T = 345  N ◄ 

Coefficient  of  j 

(-690  x 450  + 600 x 450) 344-6  + (270 x 450  + 600 x 450) 344-6  - 7805z  = 0 

1065  855 

Bz  = 185.49  N 

Coefficient  of  k: 

844  6 844  6 

(600)(675)  - + (600)(675)  - -382.59xl03  + 780By  5y=113.2N 

1065  855 

B = (1 1 3.2  N) j + (185.5  N)k  ◄ 

£F  = 0:  A + B + TCI)+TC.£+W  = 0 

Coefficient  of  i: 

4 - 690  (344.6)  + 270  (344.6)  = 0 4=1 14.4  N 

x 1065  855 

Coefficient  of  j: 

4 +113.2+  675  (344.6)+ 675  (344.6) -981  = 0 4 =377N 
r 1065  855  y 

Coefficient  of  k: 

450  450 

4 +185.5  (344.6)  (344.6)  = 0 4 =141.5  N 

z 1065  855 

A = (1 14.4  N)i  + (377  N)j  + (144.5  N)k  ◄ 
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PROBLEM  4.116 

Solve  Problem  4.1 15,  assuming  that  cable  DCE  is  replaced 
by  a cable  attached  to  Point  E and  hook  C. 

PROBLEM  4.115  A 100-kg  uniform  rectangular  plate  is 
supported  in  the  position  shown  by  hinges  A and  B and  by 
cable  DCE  that  passes  over  a frictionless  hook  at  C. 
Assuming  that  the  tension  is  the  same  in  both  parts  of  the 
cable,  determine  {a)  the  tension  in  the  cable,  ( b ) the 
reactions  at  A and  B.  Assume  that  the  hinge  at  B does  not 
exert  any  axial  thrust. 


SOLUTION 


See  solution  to  Problem  4.1 15  for  free-body  diagram  and  analysis  leading  to  the  following: 

CD  = 1065  mm 
CE  = 855  mm 

Now:  TrD  = (-690i  + 675 j - 450k) 

CD  1065 

Tce  = — (270i  + 675 j - 450k) 

855 

w = -mgi  = -(100  kg)(9.81  m/s2)j  = -(981  N)j 


Coefficient  of  i: 


Coefficient  of  j: 


Coefficient  of  k: 


— 0:  rc/A  x TCE  + xGjA  x ( Wy)  + rB/A  x B — 0 


i 

j 

k 

T 

i 

j 

k 

i 

j 

k 

600 

0 

450 

h 

855 

390 

0 

225 

+ 

780 

0 

0 

270 

675 

-450 

0 

-981 

0 

0 

Bz 

-(450)(675)  — + 220.725X103  =0 
855 

T = 621.3  N 


1 1 

(270x450  + 600x450) — 980 Bz  =0  Bz  = 364.7  N 

855 

i o 

(600)(675)— — 382.59x10s  + 7805,,  =0  By  = 1 13.2  N 
855 


7 = 621N  ◄ 


B = (1 13.2  N)j  + (365  N)k  ◄ 
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PROBLEM  4.116  (Continued) 

£F  = 0:  A + B + TC£+W  = 0 

Coefficient  of  i: 

270 

4 + (621.3)  = 0 4= -196.2  N 

855 

Coefficient  of  j : 

4+113.2  + — (621.3) -981  = 0 4 =377.3  N 
y 855  y 

Coefficient  of  k: 

4 + 364.7-— (62 1.3)  = 0 4 =-37.7  N 

z 855 

A = -(196.2  N)i  + (377  N)j-(37.7  N)k  ◄ 
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PROBLEM  4.117 

The  rectangular  plate  shown  weighs  75  lb  and  is  held  in  the 
position  shown  by  hinges  at  A and  B and  by  cable  EF.  Assuming 
that  the  hinge  at  B does  not  exert  any  axial  thrust,  determine 
{a)  the  tension  in  the  cable,  (b)  the  reactions  at  A and  B. 


SOLUTION 


yb/a  =(38-8)1  = 301 
rE/A  = (30-4)i  + 20k 
= 26i  + 20k 


rG/^=yi  + 10k 
= 19i  + 10k 
EF  = 8i  + 25j-20k 
EF  = 33  in. 

~ Jr  r 

T = T = — (8i  + 25  j - 20k) 

AE  33 

= 0 : xE/A  x T + xG/A  x (—7 5 j)  + xB/A  x B — 0 


i 

j 

k 

T 

i 

j 

k 

i 

j 

k 

26 

0 

20 

b 

33 

19 

0 

10 

+ 

30 

0 

0 

8 

25 

-20 

0 

-75 

0 

0 

N 

Bz 

Coefficient  of  i: 
Coefficient  of  j: 
Coefficient  of  k: 


-(25)(20)  — + 750  = 0: 

49  5 

(160  + 520)— — 305  =0:  B =34  lb 
33 


(26X25)^-1425  + 30^=0:  By=  15  1b 


7 = 49.5  lb  ◄ 


B = (15  lb)j  + (34  lb)k  ◄ 
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PROBLEM  4.117  (Continued) 

£F  = 0:  A + B + T-(75  lb)j  = 0 

Coefficient  of  i: 

4 +—(49.5)  = 0 
x 33 

Ax  =-12.00  lb 

Coefficient  of  j: 

A + 15  +—(49.5)  — 75  = 0 
y 33 

Ay  =22.5  lb 

Coefficient  of  k: 

A + 34  — — (49.5)  = 0 

z 33V 

Az  = -4.00  lb 

A = -(12.00  lb)i  + (22.5  lb)j  - (4.00  lb)k  ◄ 
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PROBLEM  4.118 

Solve  Problem  4.117,  assuming  that  cable  EF  is  replaced  by  a 
cable  attached  at  points  E and  H. 

PROBLEM  4.117  The  rectangular  plate  shown  weighs  75  lb  and 
is  held  in  the  position  shown  by  hinges  at  A and  B and  by  cable 
EF.  Assuming  that  the  hinge  at  B does  not  exert  any  axial  thrust, 
determine  (a)  the  tension  in  the  cable,  ( b ) the  reactions  at  A and  B. 
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PROBLEM  4.118  (Continued) 


ZF  = 0:  A + B + T-(75  lb) j = 0 


Coefficient  of  i: 

Coefficient  of  j: 

Coefficient  of  k: 


A-—  (118.75)  = 0 A=  93.75  1b 

^ 3 8 v 7 ^ 

Av  +15  + — (118.75)  -75  = 0 A=  22.51b 
* 38  J 


20 

A - 8.33  - — (1 18.75)  = 0 A =70.83  lb 
z 38 


A = (93.8  lb)i  + (22.5  lb)j  + (70.8  lb)k  ◄ 
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50  mm  4(H)  N 


50  mm 


250  mm 


PROBLEM  4.119 

Solve  Problem  4.1 14,  assuming  that  the  bearing  at  D is  removed 
and  that  the  bearing  at  C can  exert  couples  about  axes  parallel  to 
the  y and  z axes. 

PROBLEM  4.114  The  bent  rod  ABEF  is  supported  by  bearings 
at  C and  D and  by  wire  AH.  Knowing  that  portion  AB  of  the  rod 
is  250  mm  long,  determine  (a)  the  tension  in  wire  AH , ( b ) the 
reactions  at  C and  D.  Assume  that  the  bearing  at  D does  not  exert 
any  axial  thrust. 
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PROBLEM  4.119  (Continued) 

Coefficient  of  k: 

-140xl03  - 25(461.9)  + (MC)Z  =0 

(Mc)z  = 151.54X103  N mm 
(Mc)z  =151.5  N m 

ZF  = 0:  C + T - 400 j = 0 

Mc  =(20.0  N-m)j  + (151.5  N m)k  ◄ 

Coefficient  of  i: 

P 

ll 

o 

Coefficient  of  j : 

Cy+  0.5(461.9) -400  = 0 Cy  = 169.1  N 

Coefficient  of  k: 

Cz-  0.866(461.9)  = 0 CZ=400N 

C = (1 69. 1 N)j  + (400  N)k  ◄ 
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PROBLEM  4.120 

Solve  Problem  4.1 17,  assuming  that  the  hinge  at  B is  removed  and 
that  the  hinge  at  A can  exert  couples  about  axes  parallel  to  the  y 
and  z axes. 

PROBLEM  4.117  The  rectangular  plate  shown  weighs  75  lb  and 
is  held  in  the  position  shown  by  hinges  at  A and  B and  by  cable 
EF.  Assuming  that  the  hinge  at  B does  not  exert  any  axial  thrust, 
determine  (a)  the  tension  in  the  cable,  ( b ) the  reactions  at  A and  B. 


SOLUTION 


rE/A  = (30  - 4)i  + 20k  = 26i  + 20k 
xG,A  = (0.5x38)i  + 10k  = 19i  + 10k 
AE  = 8i  + 25  j - 20k 
AE  = 33  in. 

Af  T 

T = T = — (8i  + 25  j - 20k) 

AE  33 

= 0 : rEjA  x T + rG/A  x (-75  j)  + (MA  )y  j + (MA  )z  k = 0 


Coefficient  of  i: 


1 

j 

k 

T 

i 

j 

k 

26 

0 

20 

h 

33 

19 

0 

10 

8 

25 

-20 

0 

-75 

0 

+ (MA)yj  + (MA)zk  = 0 


-(20)(25)^  + 750  = 0 


7 = 49.5  lb  ◄ 


Coefficient  of  j: 


(1 60  + 520)^1 + (M^=0 


(MA)y  =-1020  lb  in. 


Coefficient  of  k: 


Coefficient  of  i: 


(26)(25) ~~ - 1 425  + (MA)Z  = 0 (MA)Z  = 450  lb  • in. 

l.F  = 0:  A + T-75}  = 0 M^=-(1020  1b  in)j  + (4501b  in.)k  ◄ 

ax  +^(49'5) = 0 4t=12-001b 


Coefficient  of  j: 
Coefficient  of  k: 


A + — (49. 5) -75  = 0 A =37.5  lb 

y ^ y y 

20 

4 (49.5)  A =30.0  lb 

z 33 


A = -(12.00  lb)i  + (37.5  lb)j  + (30.0  lb)k  ◄ 
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PROBLEM  4.121 

The  assembly  shown  is  used  to  control  the  tension  T in  a tape  that 
passes  around  a frictionless  spool  at  E.  Collar  C is  welded  to  rods  ABC 
and  CDE.  It  can  rotate  about  shaft  FG  but  its  motion  along  the  shaft  is 
prevented  by  a washer  S.  For  the  loading  shown,  determine  {a)  the 
tension  T in  the  tape,  ( b ) the  reaction  at  C. 
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120inin 


60  mm 


4<S0  N 


PROBLEM  4.122 

The  assembly  shown  is  welded  to  collar  A that  fits  on  the  vertical 
pin  shown.  The  pin  can  exert  couples  about  the  x and  z axes  but 
does  not  prevent  motion  about  or  along  the  y axis.  For  the  loading 
shown,  determine  the  tension  in  each  cable  and  the  reaction  at  A. 


ILF y = 0 : 0.6Tcf  + 0.STde  -480  N = 0 

or  0.6Tcf  + 0.8Tde  = 480  N (1) 

3LMy  = 0:  - (0.87^X0.135  m)  + (0.6r^)(0.08m)  = 0 

or  Tde  = 2.25  Tcf  (2) 

Substituting  Equation  (2)  into  Equation  (1) 

0 .6Tcf  + 0.8[(2.25)Tcf  ] = 480  N 

Tcf  = 200.00  N 


or 

and  from  Equation  (2)  TDE  = 2.25(200.00  N)  = 450.00 

or 


Tcf  = 200  N ◄ 

Tde  = 450  N ◄ 
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PROBLEM  4.122  (Continued) 

(b)  From  f.b.d.  of  assembly 

ZFz  =0: 

Az  - (0.6)(450.00  N)  = 0 Az  = 270.00  N 

ll 

© 

Ax  - (0.8)(200.00  N)  = 0 Ax  = 160.000  N 

or  A = (160.0  N)i  + (270  N)k  ◄ 

£MX=  0: 

Ma  +(480  N)(0.135  m)- [(200.00  N)(0.6)](0.135  m) 

- [(450  N)(0.8)](0.09  m)  = 0 

MAx  =-16.2000  N m 

£MZ  =0:  Ma  - (480  N)(0.08  m)  + [(200.00  N)(0.6)](0.08  m) 

+ [(450  N)(0.8)](0.08  m)  = 0 

MA;  =0 

or  = -(1 6.20  N • m)i  ◄ 
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SOLUTION 


Free-Body  Diagram: 


In  this  problem: 


We  have 


Thus 


CD  = (24  in.)j  - (32  in.)k  CD  = 40  in. 

JD  = -(42  in.)i  + (24  in.)j  - (32  in.)k  BD  = 58  in. 

BE  = (42  in.)i  - (32  in.)k  BE  = 52.802  in. 

CD 

Tcd=Tcd  — = Tcd(  0.6j-0.8k) 

Tbd  = tbd^  = TBd  (-0.724141  + 0.4 1 379 j - 0.55 1 72k) 

~Rf 

rBE  =Tbe = Tbe  (0.79542i  - 0.60604k) 

BE 

= 0 : (rc  x TCD ) + (r5  x TBD ) + (r5  x TBE ) + (rw  x W)  = 0 
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PROBLEM  4.123  (Continued) 

Noting  that  rc  = -(42  in.)i  + (32  in.)k 

rB  = (32  in.)k 
yw  = -a\  + (32  in.)k 

and  using  determinants,  we  write 


i 

j 

k 

i 

j 

k 

-42 

0 

32 

8 

+ 

0 

0 

32 

0 

0.6 

-0.8 

-0.72414 

0.41379 

-0.55172 

i 

j 

k 

i 

j 

k 

+ 

0 

0 

32 

Tbe  + 

-a 

0 

32 

0.79542 

0 

-0.60604 

0 

-450 

0 

Equating  to  zero  the  coefficients  of  the  unit  vectors: 


i:  -\9.2Tcd  - 13.24 \TBD  +14400  = 0 

(1) 

j:  -33.6Tcd  -22.\12Tbd  +25.453TBE  =0 

(2) 

k:  -25.2Tcd  + 450 a = 0 

(3) 

Recalling  that 

a = 21  in.,  Eq.  (3)  yields 

rCD  = 450^=375  ib 
c 25.2 

Tcd  =375  lb  ◄ 

From  (1): 

-19.2(375)  -13.2417flo  + 14400  = 0 

Tbd  = 543.77  lb 

Tbd  = 544  lb  ◄ 

From  (2): 

-33.6(375)  - 23.172(543.77)  + 25.4537^  = 0 

Tre  = 990.07  lb 

7^  =990  lb  ◄ 
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PROBLEM  4.124 

Solve  Problem  4.123,  assuming  that  the  450-lb 
load  is  applied  at  C. 

PROBLEM  4.123  The  rigid  L-shaped  member 
ABC  is  supported  by  a ball-and-socket  joint  at  A 
and  by  three  cables.  If  a 450-lb  load  is  applied 
at  F,  determine  the  tension  in  each  cable. 


SOLUTION 

See  solution  of  Problem  4.123  for  free-body  diagram  and  derivation  of  Eqs.  (1),  (2),  and  (3): 

-\92TCD-\32A\TBD  +14400  = 0 

(1) 

-33.6TCD  -23A12Tbd  +25A53Tbe  =0 

(2) 

-25 2Tcd  + 450a  = 0 

(3) 

In  this  problem,  the  450-lb  load  is  applied  at  C and  we  have  a-  42  in.  Carrying  into  (3)  and  solving  for  TCD, 

Tcd  = 750  lb 

Co  = 750  lb  ◄ 

From  (1):  -19.2(750)  - 13.24 17^  + 14400  = 0 

TBD  = 0 ◄ 

From  (2):  -33.6(750) -0  + 25.453 TBE  =0 

Tbe  = 990  lb  ◄ 
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PROBLEM  4.125 

Frame  ABCD  is  supported  by  a ball-and-socket  joint  at  A and 
by  three  cables.  For  a = 150  mm,  determine  the  tension  in 
each  cable  and  the  reaction  at  A. 


SOLUTION 

First  note 


, ^ _ -(0.48  m)i  + (0. 14  m)j  ^ 

— , It 


LDG  ~ /k'DG1DG 


7(0.48)2  +(0.14)2  m 
-0.48i  + 0.14j 


DG 


0.50  DG 
= ^(24i  + 7j) 

rj.  ^ t _ -(0.48  m)i  + (0.2  m)k7, 

lBE~^'BE1BE~  ' 


V(0.48)2  +(0.2)2  m 
-0.48i  + 0.2k  m 


BE 


0.52 


L BE 


From  f.b.d.  of  frame  ABCD 


or 


EM  =0: 


25 


ldg 


A(-12j  + 5k) 


(0.3  m)-(350  N)(0.15  m)  = 0 


Tdg  = 625  N ◄ 


( 5 ) 

J(0.3m)- 

tCbe 

v1  J y 

or 


24 

25' 


EM2=  0:  rCF(0.14m)  + | — x625N 


(0.48  m)  = 0 


(0.48  m)  - (350  N)(0.48  m)  = 0 


or 


Ge  = 975  N ◄ 


Tcf  = 600  N ◄ 
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PROBLEM  4.125  (Continued) 

% 

5-!  J 

II 

o 

A + TCf  + (tde  )x  + (Tdg  )x  = 0 

(\2  V ^24  ^ 

A - 600 N X975N  - — x625N  =0 

U3  J U5  J 

Ax  =2100  N 

Ai 

ii 

© 

Ay  + (TDG)y  - 350  N = 0 

( 7 ^ 

Av  + — X625N  -350 N = 0 

" Us  J 

Ay  = 175.0  N 

XF,=  0:  Az+(TBE)z=0 


Therefore 

4+f— x975  n1  = 0 

U3  J 

Az  =-375N 

A = (2100  N)i  + (175.0  N)j- (375  N)k  ◄ 
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PROBLEM  4.126 

Frame  ABCD  is  supported  by  a ball-and-socket  joint 
at  A and  by  three  cables.  Knowing  that  the  350-N 
load  is  applied  at  D {a-  300  mm),  determine  the 
tension  in  each  cable  and  the  reaction  at  A. 
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Therefore 


PROBLEM  4.126  (Continued) 


JjFx  - 0:  Ax  + Tcf  + ( Tbe)x  + (Tdg)  - 0 


A+0-\  ||xl950N  |- 


24 

25 


X1250N 


= 0 


Ar  = 3000  N 


ZFy=0:  Ay  + (TDG)y  - 350  N = 0 


Av  + — X1250N 
y 1 25 


-350  N = 0 


Ay=0 


ZFz=  0:  Az+(Tbe)z=  0 


A + 


— X1950N 
vl3  j 


X = -750  N 


A = (3000  N)i  - (750  N)k  ◄ 
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PROBLEM  4.127 

Three  rods  are  welded  together  to  form  a “comer”  that  is  supported 
by  three  eyebolts.  Neglecting  friction,  determine  the  reactions  at 
A,  B , and  C when  P = 240  lb,  a = 12  in.,  b-  8 in.,  and  c = 10  in. 


SOLUTION 

From  f.b.d.  of  weldment 

= 0 : x^q  x A + rB/0  x B + rc/0  x C = 0 


i 

j 

k 

i 

j 

k 

i 

j 

k 

12 

0 

0 

+ 

0 

8 

0 

+ 

0 

0 

10 

0 

4 

Bx 

0 

Bz 

0 

(-124zj  + 12^k)  + (85zi-85Jck)  + (-10Cyi  + 10Cxj)  = 0 


or 


or 


or 


or 


or 


From  i-coefficient  8 B - 1 0 C.  = 0 

z y 

Bz  =\.25Cy 

j -coefficient  -12  4+10C=0 

J Z X 

Cx=  1.24 

k-coefficient  \2Ay-8Bx=0 

Bx=l.5Ay 

XF  = 0:  A + B + C-P  = 0 
(Bx  + Cx) i + - 240  lb)j  + (A,  +BZ) k = 0 

From  i-coefficient  Bx  +CX=  0 

CX=~BX 

j -coefficient  Ay  + Cy-  240  lb  = 0 


(1) 

(2) 

(3) 

(4) 


or 


Ay+Cy  = 2401b 


(5) 
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PROBLEM  4.127  (Continued) 


k-coefficient  Az+Bz  = 0 


or 


A=-Bz 


Substituting  Cx  from  Equation  (4)  into  Equation  (2) 

-BZ=\.2AZ 

Using  Equations  (1),  (6),  and  (7) 


C„ 


B„  -A  1 


1.25  1.25  1.25 


Bx  )_BX 


1.2 ) 1.5 


From  Equations  (3)  and  (8) 


1.5  A 

Cy=~[f  or  C>=Ay 


and  substituting  into  Equation  (5) 


2 Ay  = 240  lb 


Ay=Cy=  1201b 


Using  Equation  (1)  and  Equation  (9) 

Bz  =1.25(120  lb)  = 150.0  lb 
Using  Equation  (3)  and  Equation  (9) 

Bx=  1.5(120  lb)  = 180.0  lb 


From  Equation  (4) 
From  Equation  (6) 
Therefore 


Cx=  -180.0  lb 
A,  =-150.0  lb 


(6) 

(7) 

(8) 


(9) 


A = (1 20.0  lb) j - (1 50.0  lb)k  ◄ 
B = (180.0  lb)i + (150.0  lb)k  ◄ 
C = -(1 80.0  lb)i  + (120.0  lb) j ◄ 
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PROBLEM  4.128 

Solve  Problem  4.127,  assuming  that  the  force  P is  removed  and  is 
replaced  by  a couple  M = +(600  lb  • in.)j  acting  at  B. 

PROBLEM  4.127  Three  rods  are  welded  together  to  form  a “comer” 
that  is  supported  by  three  eyebolts.  Neglecting  friction,  determine  the 
reactions  at  A,  B , and  C when  P = 2401b,  a = 12  in.,  b = 8 in.,  and 
c = 10  in. 


SOLUTION 

From  f.b.d.  of  weldment 


1M0  = 0:  x^q  x A + xB/0  x B + rc/0  x C + M = 0 


i 

j 

k 

i 

j 

k 

i 

j 

k 

12 

0 

0 

+ 

0 

8 

0 

+ 

0 

0 

10 

0 

4 

4 

Bx 

0 

Bz 

cx 

0 

+ (600  lb  • in.)  j = 0 


(-124  j + 124k)  + (84  j - 84k)  + (-IOC,)  + 10CJ)  + (600  lb  • in.)j  = 0 


From  i-coefficient  84  - 10  C = 0 

z y 


or 

4 = 0.84 

(i) 

j -coefficient 

-124+104  + 600  = 0 

or 

4=1.24-60 

(2) 

k-coefficient 

124-84=0 

or 

4=1.54 

EF  = 0:  A + B + C = 0 

(4  + 4)' + (4  + + (+  + 4)k  = 0 

(3) 

From  i-coefficient 

ccT 

1 

II 

O* 

(4) 

j -coefficient 

1 

II 

(5) 

k-coefficient 

4= -4 

(6) 
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PROBLEM  4.128  (Continued) 

Substituting  Cx  from  Equation  (4)  into  Equation  (2) 


Using  Equations  (1),  (6),  and  (7) 

C D \ 

A =50  x (7) 

{l.2) 

From  Equations  (3)  and  (8) 

Cy=0.%Bz=-0.%Az=[^\Bx-A0  (8) 

O 

1 

ii 

c 

Substituting  into  Equation  (5) 

o 

^r 

ll 

<N 

Ay  = 20.0  lb 

From  Equation  (5) 

Cy  = -20.0  lb 

Equation  (1) 

Bz  =-25.0  lb 

Equation  (3) 

Bx  = 30.0  lb 

Equation  (4) 

Cx  = -30.0  lb 

Equation  (6) 

Az  = 25.0  lb 

Therefore 

A = (20.0  lb)j  + (25.0  lb)k  ◄ 

B = (30.0  lb)i- (25.0  lb)k  ◄ 

C = -(30.0  lb)i- (20.0  lb) j ◄ 
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PROBLEM  4.129 


In  order  to  clean  the  clogged  drainpipe  AE , a plumber  has 
disconnected  both  ends  of  the  pipe  and  inserted  a power 
snake  through  the  opening  at  A.  The  cutting  head  of  the 
snake  is  connected  by  a heavy  cable  to  an  electric  motor  that 
rotates  at  a constant  speed  as  the  plumber  forces  the  cable 
into  the  pipe.  The  forces  exerted  by  the  plumber  and 
the  motor  on  the  end  of  the  cable  can  be  represented  by 
the  wrench  F = -(48  N)k,  M = -(90  N • m)k.  Determine  the 
additional  reactions  at  B , C,  and  D caused  by  the  cleaning 
operation.  Assume  that  the  reaction  at  each  support  consists 
of  two  force  components  perpendicular  to  the  pipe. 


SOLUTION 

From  f.b.d.  of  pipe  assembly  AB CD 


*FX=  0:  Bx=  0 

= 0 : (48  N)(2.5  m) -Sz(2m)  = 0 

Bz  = 60.0  N 

and  B = (60.0  N)k  ◄ 

axis)  = 0 : Cy  (3  m)  - 90  N • m = 0 

Cy  = 30.0  N 

£MD(v.axis)  =0:  -Cz (3  m)  - (60.0  N)(4  m)  + (48  N)(4  m)  = 0 

C2  =-16.00  N 

and  C = (30.0  N)j- (16.00  N)k  ◄ 

lFy  = 0:  Dy+  30.0  = 0 

Dy  = -30.0  N 

1FZ  = 0:  Dz  - 16.00  N + 60.0  N - 48  N = 0 

£>  = 4.00  N 


and  D = -(30.0  N)j  + (4.00  N)k  ◄ 
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PROBLEM  4.130 

Solve  Problem  4.129,  assuming  that  the  plumber  exerts  a force 
F = -(48  N)k  and  that  the  motor  is  turned  off  (M  = 0). 

PROBLEM  4.129  In  order  to  clean  the  clogged  drainpipe  AE , a 
plumber  has  disconnected  both  ends  of  the  pipe  and  inserted  a 
power  snake  through  the  opening  at  A.  The  cutting  head  of  the  snake 
is  connected  by  a heavy  cable  to  an  electric  motor  that  rotates  at  a 
constant  speed  as  the  plumber  forces  the  cable  into  the  pipe.  The 
forces  exerted  by  the  plumber  and  the  motor  on  the  end  of  the  cable 
can  be  represented  by  the  wrench  F = -(48  N)k,M  = -(90  N • m)k. 
Determine  the  additional  reactions  at  B , C,  and  D caused  by  the 
cleaning  operation.  Assume  that  the  reaction  at  each  support  consists 
of  two  force  components  perpendicular  to  the  pipe. 


SOLUTION 

From  f.b.d.  of  pipe  assembly  ABCD 

2F*=0:  Bx=  0 

£Mou.ax,s)  =0:  (48  N)(2.5  m)  - Bz(  2 m)  = 0 

Bz  = 60.0  N and  B = (60.0  N)k  ◄ 

axis)  = 0 : Cy  (3  m)  - Bx  (2  m)  = 0 

G=° 

£M0(>,,lx,s)  = 0 : Cz  (3  m)  - (60.0  N)(4  m)  + (48  N)(4  m)  = 0 

Cz  = -16.00  N and  C = -(16.00  N)k  ◄ 

*Fy=0:  Dy+Cy=  0 

Dy  = 0 

~LFZ  = 0:  Dz+Bz+Cz-F  = 0 
Dz  +60.0  N- 16.00  N-  48  N = 0 

Dz  = 4.00  N and  D = (4.00  N)k  ◄ 
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PROBLEM  4.131 

The  assembly  shown  consists  of  an  80-mm  rod 
AF  that  is  welded  to  a cross  consisting  of  four 
200-mm  arms.  The  assembly  is  supported  by  a 
ball-and-socket  joint  at  F and  by  three  short 
links,  each  of  which  forms  an  angle  of  45°  with 
the  vertical.  For  the  loading  shown,  determine 
{a)  the  tension  in  each  link,  (b)  the  reaction  at  F. 
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Eqs.  (6)  — (5): 


PROBLEM  4.131  (Continued) 

-160(-0.3PC)  - 280PC  + 200V2 P = 0 
-232TC+  200V2P  = 0 


From  Eq.  (6): 
From  Eq.  (2): 


Tc  =1.2191  P 


Tb  =-0.3(1 ,2191P)  = -0.36574  = P 


-200(-0.3657P)  - 200(1 .2 19  IP)  - 2007^  = 0 


Td  = -0.8534P 


£F  = 0:  F + Ts+Tc+TD-Pj  = 0 

„ (-0.36574P)  (-0.8534P) 

II  rv  H f= f= = 0 


-0.3448P 


F,  =-0.345 P 


..  F (-0.36574 P)  (1.21 91 P)  (-0.8534P)  20Q_Q 


V2 


F =P 

y 


F =P 

y 


k:  PZ  + (L21^=0 

V2 

F,  = -0.8620P  F„ 


-0.862P 


Tc  =1.219P  ◄ 


-0.366P  ◄ 


=-0.853P  ◄ 


F=  -0.345  Pi  + Pj- 0.862 Pk  ◄ 
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SOLUTION 


Free-Body  Diagram: 


Five  unknowns  and  six  Eqs.  of  equilibrium.  But  equilibrium  is 
maintained  ( J^MAB  = 0) 

W = mg 

= (10  kg)  9.81  m/s2 
W = 98.1N 

GC  = - 300i  + 200 j - 225k  GC  = 425  mm 

T = T—  = — (-300i  + 200j  - 225k) 

GC  425 

rB/A  =-600i  + 400j  + 150mm 
rG/A  = -300i  + 200j  + 75  mm 


ZMa=0:  rB/A  x B + rG/A  x T + rG/A  x (-  Wj)  = 0 


1 

j 

k 

1 

j 

k 

T 

1 

j 

k 

-600 

400 

150 

+ 

-300 

200 

75 

b 

425 

-300 

200 

75 

B 

0 

0 

-300 

200 

-225 

0 

-98.1 

0 

Coefficient  of  i:  (-105.88  - 35.29)7  + 7357.5  = 0 


T = 52.12  N 


7 = 52.1N  ◄ 
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PROBLEM  4.132  (Continued) 


Coefficient  of  j : 150 B - (300  x 75  + 300  x 225)^^-  = 0 

425 

B = 73.58  N 


XF  = 0:  A + B + T-!Cj  = 0 


Coefficient  of  i : 


4 +73.58-52.15 


300 
425  ' 


Coefficient  of  j : 
Coefficient  of  k : 


4 + 52.15  — -98.1  = 0 
y 425 


225 

4-52.15— = 0 
z 425 


B = (73.6  N)i  ◄ 

4 = 36.8  N ◄ 
4 = 73.6  N ◄ 
4 = 27.6  N ◄ 
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SOLUTION 


£>F  = -16i  + llj-8k  DF  = 21  in. 
DF  T 

T = T =— (-16i  + llj-8k) 

DF  21 

td/e  = 16  i 

rC/£  =16i-14k 

, _~EA  _1\- 24k 

*-EA  ~ TTT  _ 77 

EA  25 

ea  = 6 : ^-£4 ' (rs/£' x T)  + XEA  ■ (rC/E  ■ (—  60  j))  = 0 


7 

0 

-24 

7 

0 

-24 

16 

0 

0 

T 

+ 

16 

0 

-14 

21x25 

-16 

11 

-8 

0 

-60 

0 

24x16x11  -7x14x60  + 24x16x60 

T + 

21x25  25 


201. 14T  + 17,160  = 0 

T = 85.3 14  lb 


Free-Body  Diagram: 


T = 85.3  lb  ◄ 
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SOLUTION 

Free-Body  Diagram: 


W = wg  = (50kg)(9.81m/s2) 
W = 490.50  N 
CE  = - 240i  + 600 j - 400k 
CE  = 760  mm 


CF  T 

T = T = (-  240i  + 600 j - 400k) 

CE  760 


M5 


^=480i-200j=_L 
AB  520  13 


- 0 : XAB  • ( rE/A  xT)  + kAB  • (rG/A  x W j)  - 0 

xEjA  - 240i  + 400 j;  rGIA  = 240i  - lOOj  + 200k 


12 

-5 

0 

12 

-5 

0 

240 

400 

0 

T 

+ 

240 

-100 

200 

13x20 

-240 

600 

-400 

0 

-W 

0 

(- 1 2 x 400  x 400  - 5 x 240  x 400)  — + 1 2 x 200iF  = 0 

760 

T = 0.16W  = 0.76(490.50  N)  J = 373N  ◄ 
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SOLUTION 


Free-Body  Diagram: 

Dimensions  in  mm 


W = mg  = (50  kg)(9.81  m/s2) 
W = 490.50  N 
DE  = - 240i  + 400 j - 400k 
DE  = 614.5  mm 


DF  T 

T = T = (240i  + 400j  - 400k) 


DE  614.5 
Zg_  480i-200j 
AB  ~ 520 


= — (12i-5j) 
13 


r 'e/a  = 240i  + 400 j;  rG/A  = 240i  — lOOj  + 200k 


12 

-5 

0 

12 

5 

0 

240 

400 

0 

T 

+ 

240 

-100 

200 

13x614.5 

240 

400 

-400 

0 

-W 

0 

(-12x400x400-5x240x400)  — — — 1-12x200x^  = 0 

614.5 


T = 0.6145  W = 0.6145(490.50  N) 

r = 301N  ◄ 
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SOLUTION 


First  note 


^ BD  ~ 


-(6  in.)i  - (9  in.)j  + (12  in.)k 


V(6)2+(9)2+(12)2in. 
(—  6i  — 9 j + 12k) 


1 


‘ A! B 


16.1555 
- (6  in.)i 


P = (80  lb)k 
rc/D  = (8  in.)i 
C = (C)j 


From  the  f.b.d.  of  the  plates 

= 0 : XBD  ■ (Yj/B  xP)  + XBD  ■ (rCID  x C)  = 0 


-6 

-9 

12 

-6 

-9 

12 

-1 

0 

0 

' 6(80)  ' 

+ 

1 

0 

0 

' C(8) 

.16.1555. 

.16.1555 

0 

0 

1 

0 

1 

0 

= 0 


(— 9)(6)(80)  + (12)(8)C  = 0 


C = 45.0  lb 


or  C = (45.0  lb) j ◄ 
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PROBLEM  4.138  (Continued) 


Projection  of  T on  (VXrs/^)  is  constant.  Thus,  Tmin  is  parallel  to 

1 


1 


^AF  x = t ( 2i  - j - 2k)  x 4i  = - (-8  j + 4k) 


Corresponding  unit  vector  is  (— 2j  + k) 


C,,,  = T(-2j  + k)-j= 


(2) 


Eq.(l): 


Vt<‘2i+k) 


-(2i-j-2k)x4i 


-32 


-T(-2j  + k)T(-8j  + 4k)  = -32 


3^5 


(16 + 4)  = -32  T = - 


3^5(32) 
20 

T = 10.7331  lb 


= 4.875 


Eq-(2)  Tmm=T(-2i  + k)^ 

= 4.875(-2j  + k)-^ 
Tmin=-(9.61b)j  + (4.81bk) 

Since  Tmin  has  no  i component,  wire  BH  is  parallel  to  the  jz  plane,  and  x = 4 ft. 


’I  /= 


(a)  x = 4.00  ft;  y = 8.00  ft  4 

(b) 


TV  =10.73  lb  ◄ 
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B 

\2  lb 

| E 

sd 

PROBLEM  4.139 

Solve  Problem  4.138,  subject  to  the  restriction  that  H must  lie  on 
the  y axis. 

PROBLEM  4.138  Two  2x4-ft  plywood  panels,  each  of  weight  12  lb, 
are  nailed  together  as  shown.  The  panels  are  supported  by  ball-and- 
socket  joints  at  A and  F and  by  the  wire  BH.  Determine  {a)  the 
location  of  H in  the  xy  plane  if  the  tension  in  the  wire  is  to  be 
minimum,  ( b ) the  corresponding  minimum  tension. 


SOLUTION 


AF  = 4i  - 2 j - 4k 
^AF  =~(2i- j-2k) 


lGl/A 


= 2i-j 
' 4i  j 2k 


lGJA  ~ 
rB!A  =4i 


^MAf  — 0 : kAF  ■ (r QjA  x ( 1 2 j)  + kAF  • (vG  /A  x ( 1 2 j))  + ~kAF  ■ (vB/A  x T)  — 0 


2 

-1 

2 

1 

- + 

2 

-1 

-2 

2 

-1 

0 

4 

-1 

-2 

0 

-12 

0 

J 

0 

-12 

0 

^ + ^af  ' (r£/A  x T)  — 0 


(2x2x12)j  + (-2x2x12  + 2x4x12)j  + ^ -(rBMxT)  = 0 


^ AF  B! A 


Fb!a  x T)  — 32 


Free-Body  Diagram: 


(1) 


BH  = -4i  + yj  - 4k  BH  = (32  + y2)112 

T = T BH_  = -4i  + yj-4k 
BH  (32  + y2)m 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


518 


PROBLEM  4.139  (Continued) 


Eq.  (1): 


Numerator  = 0: 


Eq.  (2): 


©F  ' * rBIA  X T)  - 


2 -1  -2 

4 0 0 

— 4 y — 4 


3(32  + y2)V2 

(-16-8y)T  = -3x32(32  + / )1/2  T = 96 


-32 


(32  + /)1/2 
8_y  + 16 


(2) 


dT  n a (8^+16)4(32  + /)-1/2(27)  + (32  + /)1/2 (8) 
dy  (8.y  + 16)2 

(8j>  + 1 6)y  = (32  + / )8 

8/ +16^  = 32x8  + 8/  y = 16.00  ft  ◄ 

(32  + 162V/2 

T = 96^ —t — = 11.3137  lb  r = 1 1.31  lb  ◄ 

8x16  + 16 
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PROBLEM  4.140 


The  pipe  ACDE  is  supported  by  ball-and-socket  joints  at  A and  E and 
by  the  wire  DF.  Determine  the  tension  in  the  wire  when  a 640-N  load  is 
applied  at  B as  shown. 


SOLUTION 


Free-Body  Diagram: 


Dimensions  in  mm 


AE  = 480i  + 1 60  j - 240k 
AE  = 560  mm 


. _ AE  _ 48°i  + 1 60  j - 240k 

E AT?  

AE  560 

„ _ 6i  + 2j-3k 

kae  ~ j 

r B/A  = 2m 

vd/a  =480i  + 160j 

DF  = -480i  + 330j  - 240k;  DF  = 6 30  mm 

t -t  EL-t  ~480i  + 330j - 240k  _ -16i  + llj-8k 

DF  DF  DF  DF  630  DF  21 


AE  ~ A E ' (rDM  X Tdf  ) + '*-AE  ' (rBM  X ( 600  j))  — 0 


6 

2 

-3 

'T1 

6 

2 

-3 

480 

160 

0 

1DE 

200 

0 

0 

21x7 

-16 

11 

-8 

0 

-640 

0 

-6x160x8  + 2x480x8-3x480x11-3x160x16  ^ 3x200x640 
—— TnF  + 


-\\2QTdf  +3  84x103  =0 


Tdf  = 342.86  N 


Tdf  = 343  N ◄ 
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PROBLEM  4.141 

Solve  Problem  4.140,  assuming  that  wire  DF  is  replaced  by  a wire 
connecting  C and  F. 

PROBLEM  4.140  The  pipe  ACDE  is  supported  by  ball-and-socket 
joints  at  A and  E and  by  the  wire  DF.  Determine  the  tension  in  the  wire 
when  a 640-N  load  is  applied  at  B as  shown. 
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PROBLEM  4.142 

A hand  truck  is  used  to  move  two  kegs,  each  of  mass  40  kg. 
Neglecting  the  mass  of  the  hand  truck,  determine  (a)  the  vertical 
force  P that  should  be  applied  to  the  handle  to  maintain  equilibrium 
when  a-  35°,  (b)  the  corresponding  reaction  at  each  of  the  two 
wheels. 


SOLUTION 


W = mg  = (40  kg)(9.81  m/s2)  = 392.40  N 
ax  =(300  mm)sincir-(80  mm)cosa 
a2  =(430  mm)cosa-(300  mm)sinar 
6 = (930  mm)cosa 

From  free-body  diagram  of  hand  truck 

+)IMb=  0:  P(b)-W{a2)  + W{ax)  = 0 
+ 1^=0:  P-2W  + 2B  = 0 
For  a = 35° 


Free-Body  Diagram: 


Dimensions  in  mm 


(1) 

(2) 


ax  =300  sin  35°  -80  cos  35°  = 106. 541  mm 
a2  =430 cos 35°  -300 sin 35°  = 180. 162  mm 
Z?  = 930  cos  35°  = 761.81  mm 

(a)  From  Equation  ( 1 ) 

P(761.81  mm)  -392.40  N(180.162  mm)  + 392.40  N(106.54  mm)  = 0 

Nf  ◄ 

n|  ◄ 


P = 37.921  N 


or  P = 37.9 


(b)  From  Equation  (2) 


37.92 1 N - 2(392.40  N)  + 2B  = 0 


or  B =373 
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SOLUTION 

(a)  a = 0° 

From  f.b.d.  of  member  ABC 


+)IMC  = 0:  (300  N)(0.2  m)  + (300  N)(0.4  m)  - 4(0.8  m)  = 0 


at 


X 

M 

3 °o  N 


Fb.d. 


Then 


and 


A = 225  N 
+ |i;f;=0:  Cy+225N  = 0 

Cy=- 225  N or  Cy=225  N| 

-+*ZFX  = 0:  300  N + 300  N + Cx  = 0 

Cx  = -600  N or  = 600  N - — 

C = Jci  + C2  = 1y/(600)2  +(225)2  = 640.80  N 


or  A = 225  N|^ 


0 = tan 


-l 


r 

V 


■ tan 


-l 


-225 

-600 


: 20.556° 

or  C = 641  N ^20.6°  ◄ 


(b)  a = 30° 

From  f.b.d.  of  member  ABC 


+)  EMC  = 0:  (300  N)(0.2  m)  + (300  N)(0.4  m)  - (4cos30°)(0.8  m) 


+ (4sin30°)(20  in.)  = 0 
4 = 365.24  N 


or  A = 365  N^  60.0°  ◄ 


Tbd. 


=0:  300  N + 300  N + (365.24  N) sin 30° + CX  =0 

>rhOG  M 

C =-782.62 
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PROBLEM  4.143  (Continued) 

+ jlFv  =0:  Cy  +(365.24  N)cos30°  = 0 

Cy  =-316.31  N or  CJ=316N| 


Then 

C = ^jc2x  + c)  =^(782.62)2  +(316.31)2  = 884.12  N 

and 

6 = tan-1  [ Cy  1 = tan"1  f “3 1 6J  0 = 22.007° 

Cx)  l -782.62  J 

or 

C = 884  N ^ 22.0°  ◄ 
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-* *4* ►r 2(K)  mm ► 

80  mm  80  mm 


1 
150  mm 

J 


PROBLEM  4.145 

Neglecting  friction  and  the  radius  of  the  pulley,  determine 
{a)  the  tension  in  cable  ADB , ( b ) the  reaction  at  C. 


SOLUTION 


Free-Body  Diagram: 

Dimensions  in  mm 


Geometry: 

Distance 

Distance 

Equilibrium  for  beam: 


AD  = V(0.36)2  +(0.150)2  = 0.39  m 
BD  = ffl)2  + (0.15)2  = 0.25  m 


/ 

I -YA 


/X 


(a) 


+ ) Y.MC  = 0 : (120  N)(0.28  m) 


0.15, 

039' 


T (0.36  m) 


0.15, 

025' 


T = 130.000  N 


(b) 


-±~ZF=  0:  C,  + 


"036 

,0.39 


(130.000  N)  + 


+1^=0:  Cy  + 


Cx  = -224.00  N 
0.15^ 


0.39 


(130.00  N)  + 


f 0.2 

,025 

0.15^ 


(130.000  N)  = 0 


0.25 


6c 

i 

bo  ^ 

f 

MO  N 

j(0.2  m)  = 

or 

= 0 

120  N 

= 0 

/I  -YA 


\6  O 


or  T = 130.0  N ◄ 


Cy  = -8.0000  N 


Thus: 

and 

1 

II 

C = JE2  + C2  = ^(-224) 2 + (-8)2  = 224. 14  N 
G _+„  -i  8 


Cr 


224 


: 2.0454° 


C = 224  NX 2.05°  ◄ 
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PROBLEM  4.146 

The  T-shaped  bracket  shown  is  supported  by  a small  wheel  at  E and  pegs  at  C 
and  D.  Neglecting  the  effect  of  friction,  determine  the  reactions  at  C,  D,  and  E 
when  9 = 30°. 


SOLUTION 

Free-Body  Diagram: 


+|  1Fy  = 0:  £cos30°-20-40  = 0 

E = 60  lb  = 69.282  lb  E = 69.3  lb  ^ 60.0°  ◄ 

cos  30° 

+)  EMd  = 0 : (20  lb)(4  in.)  - (40  lb)(4  in.) 

- C(3  in.)  + E sin  30°(3  in.)  = 0 
-80 -3C  + 69.282(0.5)(3)  = 0 

C = 7.9743  lb  C = 7.97  lb  — ◄ 

EFX=  0:  is  sin  30°  + C - £>  = 0 
(69.282  lb)(0.5)  + 7.9743  lb  - D = 0 

D = 42.615  lb  D = 42.6  lb  - — ◄ 
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♦ 4 in.-*- 

20  lb 

♦ 4 in.-*- 

40  ll> 

PROBLEM  4.147 

} 

The  T-shaped  bracket  shown  is  supported  by  a small  wheel  at  E and  pegs 

/■’ 

2 in. 

at  C and  D.  Neglecting  the  effect  of  friction,  determine  (a)  the  smallest 
value  of  # for  which  the  equilibrium  of  the  bracket  is  maintained,  ( b ) the 
corresponding  reactions  at  C,  D,  and  E. 

D 

* 

3 in. 

t 

e( 

h) 

t 

3 in. 

i 

SOLUTION 

Free-Body  Diagram: 


2o  lb  1 *t»o.  \ 

1 ‘f'x,  1 *totb 

4 ' 

t 3 

/tin.  C 

C 

* & 

*'*■  D 

SitnO 

. £ 

£ 1 

* £c»s& 

{a)  For  C-  0, 


Eq.  (1) 


(b) 


\^y 


+ 


+>WD 


^0:  E cos  #-20  -40  = 0 


E = 


60 

cos# 


= 0:  (20  lb)(4  in.)  - (40  lb)(4  in.)  - C( 3 in.) 


+ 


60 

cos# 


sin  # 


3 in.  = 0 


(i) 


C-- 

180tan#  = 
tan#; 

E = - 


-(180  tan  6 -80) 
80 


6 = 23.962° 
9 


60 


= 65.659 


±~Y.F  = 

X 

D 

C 


cos  23.962° 

0:  —D  + C + E sin  6 = 0 
= (65.659)  sin  23.962  = 26.666  lb 
= 0 D = 26.7  lb  - — 


9 = 24.0°  ◄ 


E = 65.71  lb  ^ 66.0°  ◄ 
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SOLUTION 


Since  member  AB  is  acted  upon  by  two  forces,  A and  B,  they  must  be  colinear,  have  the  same  magnitude,  and 
be  opposite  in  direction  for  AB  to  be  in  equilibrium.  The  force  B acting  at  B of  member  BCD  will  be  equal  in 
magnitude  but  opposite  in  direction  to  force  B acting  on  member  AB.  Member  BCD  is  a three-force  body  with 
member  forces  intersecting  at  E.  The  f.b.d.’s  of  members  AB  and  BCD  illustrate  the  above  conditions.  The 
force  triangle  for  member  BCD  is  also  shown.  The  angle  [3  is  found  from  the  member  dimensions: 


p = tan-1 


' 6 in. 
v10  in. 


30.964° 


Applying  of  the  law  of  sines  to  the  force  triangle  for  member  BCD, 

30  lb  B C 

sin(45  ° - /?)  sin  (5  sin  1 3 5 ° 


30  lb  B C 

or  = = 

sin  14.036°  sin30.964°  sinl35° 


A = B = 


(30  lb)  sin  30.964° 
sinl4.036° 


= 63.641  lb 


or 


A = 63.6  lb  ^ 45.0°  ◄ 


and 


_ (30  lb)sinl35° 
sin  14.036° 


= 87.466  lb 


or 


C = 87.5  lb  ^ 59.0°  ◄ 
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Eq.  (1)  + 2 Eq.  (2): 

PROBLEM  4.150  (Continued) 

48  1 2 

-atbd+—p  = q tbd=-p 

Eq-(2):  ~P-TBE+^P  = 0 TBE=^P 


Since 

P = 445  N Tbd  = y (455)  TBD  = 780  N ◄ 

TBE=y( 455)  7^=390N4 

XF  = 0 ! T Bd  + Tg£  + P + A = 0 

Coefficient  of  i: 

780  390  455  . A 

3 3 7 

260  + 130-195  + 4:  =0  4=  195.0  N 

Coefficient  of  j: 

780  390  455  . „ , A 

(2)-—  (2)-— (6) + 4 =0 

-520  - 260  - 390  + 4 = 0 4 =1170  N 

Coefficient  of  k: 

-^(2)  + ^(2)  + ^(2)  + 4=0 

-520  + 260  + 130  + 4 =0  4=  +130.0  N 

A = -(195.0  N)i  + (1170  N)j  + (130.0  N)k  ◄ 
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PROBLEM  4.151  (Continued) 


Eq.  (1)  + 2 Eq.  (2): 

-474+— p=o  rflD=— p 

BD  13  BD  13 

Eq  (2): 

15  18  3 

-— P-Trf+—  P = 0 T„f  = —P 

13  13  13 

Since 

P = 445  N Tbd  =|^-(455) 

Tbd  =525  N ◄ 

Tbe=^( 455) 

TBE  = 105.0  N ◄ 

£F  = 0 ! Tgz)  ^be  r + A = 0 

Coefficient  of  i: 

525  105  455  . n 

3 3 13  * 

175  + 35-105  + 4 = 0 4 =105.0  N 

Coefficient  of  j: 

525  ...  105  ...  455  , „ 

(2) (2) (12)  + 4=0 

3 3 13  J 

-350  - 70  - 420  + 4 = 0 4 = 840N 

Coefficient  of  k: 

-525(2)  + 1“(2)  + 455(4)  + 4=o 

3 3 13  z 

-350  + 70  + 140  + 4=0  4=  140.0  N 

A = -(105.0  N)i  + (840  N)j  + (140.0  N)k  ◄ 
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SOLUTION 

Free-Body  Diagram: 


lB/A 


= 12i 


D/A 


tf/a  = 1 2 j - 8k 
= 1 2i  — 1 6k 
rE/A  =12i-24k 
rF/A  = 12i  — 32k 

5G  = -12i  + 9k 
BG  = 15  in. 

I bg  = -0.8i  + 0.6k 

DH  = 20  in.;  ADH  - 
FJ  - 20  in.;  XFJ 


= 0:  r 


B/A  X ^BG^BG  + rDH  X ^DH^DH  + VF/A  X ^FJ^FJ 

+rF/A  X (-24 j)  + rEIA  x (-24 j)  = 0 


i 

j 

k 

i 

j 

1 

k 

i 

j 

k 

12 

0 

0 

Tbg  + 

12 

0 

- 

16 

Tdh  + 

12 

0 

-32 

-0.8 

0 

0.6 

-0.6 

0.8 

0 

-0.6 

0.8 

0 

i 

j 

k 

i 

j 

k 

+ 

12 

0 

-8 

+ 

12 

0 

-24 

= 0 

0 

-24 

0 

0 

-24 

0 

lFJ 


Coefficient  of  i: 
Coefficient  of  k: 
f Eq.(l)-Eq.(2): 


+\2.%Tdh  +25.6Tfj  ■ 


192-576  = 0 


+9.6 Tdh  + 9 .6Tfj  - 288  - 288  = 0 


9.67>J=0 


lfj 


(1) 
(2) 
= 0 ◄ 
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PROBLEM  4.152  (Continued) 


Eq.  (1): 

\2.&Tdh  - 268  = 0 Tdh  = 60  lb  ◄ 

Coefficient  of  j: 

-1  IT BG  + (16  x 0.6)(60.0  lb)  = 0 TBG  = 80.0  lb  ◄ 

© 

ll 

A + TrcNrg  + Tdh^dh  + TFj  ~ 24j  — 24 j = 0 

Coefficient  of  i: 

Ax  + (80)(-0.8)  + (60.0X-0.6)  = 0 Ax=  100.0  lb 

Coefficient  of  j: 

Ay+  (60.0)(0.8)  -24  -24  = 0 Ay=  0 

Coefficient  of  k: 

Az  + (80.0)(+0.6)  = 0 Az  = -48.0  lb 

Note:  The  value  Ay  = 0 

A = (100.0  lb)i  - (48.0  lb)j  ◄ 

Can  be  confirmed  by  considering  = 

= 0 
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PROBLEM  4.153 

A force  P is  applied  to  a bent  rod  ABC,  which  may  be  supported  in  four  different  ways  as  shown.  In  each  case, 
if  possible,  determine  the  reactions  at  the  supports. 


p p 


p P 
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CHAPTER  5 


PROBLEM  5.1 

Locate  the  centroid  of  the  plane  area  shown. 


SOLUTION 


Dimensions  in  mm 


If/- 


-22T 


1 


/ 1 


1 7 


IT 

/so 

+ 

/So 

l , 


(OS  j /OS 


- 


A,  mm2 

x,  mm 

y,  mm 

xA,  mm3 

yA,  mm3 

1 

6300 

105 

15 

0.66150X106 

0.094500  xlO6 

2 

9000 

225 

150 

2.0250  xlO6 

1.35000X106 

I 

15300 

2.6865X106 

1.44450  xlO6 

Then 


- 2.6865  xlO6 

~~  ZA  ~ 15300 

XyA  _1 .44450 xlO6 
~~LA~  15300 


X = 175.6  mm  ◄ 

Y = 94.4  mm  ◄ 
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PROBLEM  5.2 

Locate  the  centroid  of  the  plane  area  shown. 


SOLUTION 


Dimensions  in  mm 


A,  mm2 

x,  mm 

y,  mm 

xA , mm3 

yA , mm3 

1 

1200 

10 

30 

12000 

36000 

2 

540 

30 

36 

16200 

19440 

X 

1740 

28200 

55440 

Then 


— _lLx  A _ 282QQ 
~ £A  ~ 1740 

55440 
~^A~  1740 


X = 16.21  mm  M 
Y = 31.9  mm  ◄ 
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SOLUTION 


5 

T 


Dimensions  in  in. 


4)i 


-J 


7* 

__l 


A,  in.2 

x,  in. 

y,  in. 

xA,  in.3 

yA , in.3 

1 

— xl2xl5  = 90 

2 

8 

5 

720 

450 

2 

21x15  = 315 

22.5 

7.5 

7087.5 

2362.5 

X 

405.00 

7807.5 

2812.5 

Then 


E^4_  780T5 
~ XA  ~ 405.00 

281Z5 
524  _ 405.00 


X = 19.28  in.  ◄ 
7 = 6.94  in.  ◄ 
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u 

jn_ 

PROBLEM  5.4 

^ D 111.  ► 

Locate  the  centroid  of  the  plane  area  shown. 

T~ 

3 in. 

♦ 

r 

6 in. 

L 

i 

6 in. 

1 

X 

SOLUTION 


A,  in.2 

x,  in. 

y,  in. 

xA,  in.3 

yA,  in.3 

1 

~(12)(6)  = 36 

4 

4 

144 

144 

2 

(6)(3)  = 18 

9 

7.5 

162 

135 

X 

54 

306 

279 

Then  XA  = Z.IA 

X(54)  = 306 

YA  = ZyA 

7(54)  = 279 


V = 5.67  in.  ◄ 

7 = 5.17  in.  ◄ 
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PROBLEM  5.5 

Locate  the  centroid  of  the  plane  area  shown. 


SOLUTION 


© 


c,+ 


NO  114. 

_L 


T tM.r—  * 


A,  in.2 

x,  in. 

y,  in. 

xA , in.3 

yA , in.3 

1 

14x20  = 280 

7 

10 

I960 

2800 

2 

— ^r(4)2  = — 1 6tt 

6 

12 

-301.59 

-603.19 

X 

229.73 

1658.41 

2196.8 

Then 

-_31xA_l658Al 
~ EA  ~ 229.73 

X = 7.22  in.  ◄ 

2196.8 
~~  ZA  ~ 229.73 

Y =9.56  in.  ◄ 
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SOLUTION 


A,  mm2 

x,  mm 

y,  mm 

xA,  mm3 

yA,  mm3 

1 

|(120)(75)  = 4500 

80 

25 

360  x10s 

112.5x10s 

2 

(75X75)  = 5625 

157.5 

37.5 

885.94  x10s 

210.94x10s 

3 

(75)2  =-4417.9 

4 

163.169 

43.169 

-720.86  x10s 

-190.716x10s 

X 

5707.1 

525.08x10s 

132.724x10s 

Then 


XA  = ZxA  X (5707.1)  = 525.08xl03 
YA  = ZyA  7(5707.1)  = 132.724xl03 


X = 92.0  mm  ◄ 
Y = 23.3  mm  ◄ 
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SOLUTION 


A,  in.2 

x,  in. 

y,  in. 

xA , in.3 

yA,  in.3 

1 

T(38)2  =2268.2 

2 

0 

16.1277 

0 

36581 

2 

-20x16  = -320 

-10 

8 

3200 

-2560 

X 

1948.23 

3200 

34021 

- ExA 

3200 



X = 

X = 1.643  in. 

LA 

1948.23 

y_ZyA_ 

34021 

7=17.46  in. 

EA 

1948.23 
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SOLUTION 


A,  in.2 

x,  in. 

y,  in. 

xA , in.3 

yA,  in.3 

1 

30x50  = 1500 

15 

25 

22500 

37500 

2 

-—(15)2  =353.43 

2 

23.634 

30 

-8353.0 

-10602.9 

X 

1146.57 

14147.0 

26.897 

Then 

— _ ExA  _ 14147.0 
~~  ZA  ~ 1146.57 

X = 12.34  in.  ◄ 

- _ZyA_  26897 

Y = 23.5  in.  ◄ 

1A  1146.57 
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SOLUTION 


A,  mm2 

x,  mm 

y,  mm 

xA , mm3 

yA,  mm3 

1 

(60)(120)  = 7200 

-30 

60 

-216x10s 

432x10s 

2 

— (60)2  =2827.4 

4 

25.465 

95.435 

72.000x10s 

269.83x10s 

3 

~-(60)2  =-2827.4 

4 

-25.465 

25.465 

72.000x10s 

-72.000  x10s 

X 

7200 

-72.000  x10s 

629.83  x10s 

Then 


XA=Y.xA  X (7200)  = -72.000  x 103  X = -10.00  mm  ◄ 

YA=YLyA  Y (7200)  = 629.83 xlO3  f = 87.5mm  ◄ 
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“T 

26  min 
* 


PROBLEM  5.10 

Locate  the  centroid  of  the  plane  area  shown. 


SOLUTION 

Dimensions  in  mm 


A,  mm2 

x,  mm 

y,  mm 

xA,  mm3 

yA,  mm3 

1 

TX47x26  = 1919.51 

2 

0 

11.0347 

0 

21181 

2 

-x94x70  = 3290 

2 

-15.6667 

-23.333 

-51543 

-76766 

X 

5209.5 

-51543 

-55584 

Then 


-_E5L4  _- 51543 
£A  5209.5 


X = -9.89  mm  ◄ 


-_  EjL4  _ - 55584 
_ 2L4  _ 5209.5 


Y = -10.67  nun  ◄ 
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SOLUTION 

First  note  that  symmetry  implies  X = 0 A 

'll 


A,  in.2 

y,  in. 

yA,  in.3 

1 

;r(8)  = 100.531 

2 

3.3953 

-341.33 

2 

^ =226.19 

2 

5.0930 

1151.99 

X 

125.659 

810.66 

Then 


- _ L,yA  _ 810.66  in.3 
LA  ~ 125.66  in.2 


or  Y = 6.45  in.  M 
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SOLUTION 


A,  mm2 

x,  mm 

y,  mm 

xA,  mm3 

yA,  mm3 

1 

(15)(80)  = 1200 

40 

7.5 

48xl03 

9x10s 

2 

|(50)(80)  = 1333.33 

60 

30 

80xl03 

40xl03 

X 

2533.3 

128x10s 

49xl03 

Then  XA  = XxA 

X (2533.3)  = 128x  103  X = 50.5  mm  ◄ 

YA  = ~LyA 

7(2533.3)  = 49xl03  7 = 19.34  mm  ◄ 
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y 

y \ 

PROBLEM  5.13 

Locate  the  centroid  of  the  plane  area  shown. 

20  mm 

20  mm 

j_ 

f x = ky 2 

_L 

X 

-*~30  mm—*" 

SOLUTION 


l 


A,  mm2 

x,  mm 

y,  mm 

xA , mm3 

yA,  mm3 

1 

— x30x20  = 200 

3 

9 

15 

1800 

3000 

2 

T(30)2  =706.86 

4 

12.7324 

32.7324 

9000.0 

23137 

£ 

906.86 

10800 

26137 

Then 

- ExA  10800 



ft  — — 

X = 11. 91mm 

XA  906.86 

- _ XyA  _ 26137 

Y = 28.8  mm 

~ XA  ~ 906.86 
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x=%2 

PROBLEM  5.14 

Locate  the  centroid  of  the  plane  area  shown. 

^ y=kx * 

20 

in. 

20  in. 

X 

SOLUTION 


Then 


%Uo) 


Dimensions  in  in. 


± 


|uo) 

"T“* 


^ \uo> 


\ox 


A,  in.2 

x,  in. 

y,  in. 

xA , in3 

yA , in.3 

1 

|x(20)(20)  = ^p 

12 

7.5 

3200 

2000 

2 

-3' (20X20)  =-7 

15 

6.0 

-2000 

-800 

£ 

400 

3 

1200 

1200 

jp=^4 

LA 


y_*yA 

LA 


1200 

"400 

3 

1200 

400 

3 


X = 9.00  in.  ◄ 


Y = 9.00  in.  ◄ 
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SOLUTION 


A,  mm2 

x,  mm 

y,  mm 

xA,  mm3 

yA,  mm3 

1 

|(75)(120)  = 6000 

28.125 

48 

168750 

288000 

2 

— ^-(75)(60)  = -2250 

25 

20 

-56250 

^15000 

X 

3750 

112500 

243000 

Then  XX  A = XxA 

X (3,1 50  mm2 ) = 1 12500  mm3 
and  YXA  = XyA 

F(3750  mm2)  = 243000 


or  X = 30.0  mm  A 


or  Y = 64.8  mm  A 
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SOLUTION 


First,  determine  the  location  of  the  centroid. 


From  Figure  5. 8 A: 


2 sin(f-a) 


Similarly 


Then 


*=ra 


= —rn 


_ 2 
7i  =~rx 


XyA  = —r2 


(?-«) 

cos  a 

<f-«) 

cos  a 

(f~a) 

cos  a 

~{JA 

4 =1  — -a  I r. 


4 = \j-a 


3'2{f-a)l{2~ap  j~3'1  (f-flr)LU 


2 cos  a 

— n 


r / \ 

- 

| 71  ] 

2 

— a 

T\ 

LU  J 

and 


K 


cos  a 


n 


IA= a k (x 


f -«)(^2-n2) 


Now 


K 

or 

2 


YIA  = ZyA 


cos  a 


7 = — 
3 


2 2 

vr2  -*i  y 


2 cos  a 
n-2a  j 
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SOLUTION 


First,  determine  the  location  of  the  centroid. 
From  Figure  5. 8 A: 


i(f-a) 


2 sin  I 

y2=r2—f-a) 


n 

--a  \n 


= —r~ 


cos  a 


3 (f  ~a) 


Similarly 


Then 


_ 2 cos  a 

y\  =~r\- 


3 ‘(f-a) 
, 2 cos  or 


n 


4= 


K 

^ 

v2 


— n 


cos  a 


J 3 '(f-a) 


K 

2 ^ ^ 


and 


/T 


cos  a 


;r 


Now 


5L4= a k a \r{ 


YIA  = ZyA 


(n  ^ 

/ 2 2\ 

— a 

( Try  -K 

LU  J 

IV  2 1 / 

cos  a 


2 

( 3 3 A 

r2  ~r\ 

| f 2cos  a ' 

3 

1 

to 

\n-2a ; 
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PROBLEM  5.17  (Continued) 


Using  Figure  5.8B,  Y of  an  arc  of  radius  — (/j  + r2 ) is 

- 1 sin(f  - a) 

Y = —(rl  +r2) — — - 

2 1 (f-or) 


Now 


1 , . cos  a 

= — (r,  + r2) 

2 (f-a) 

3 _ r3  (r2  - ?i)(r22  + + r2 ) 


A2  M _ 

2 2 


(r2  ->;)(r2  +?;) 


r22  + 

r2  +ri 


(1) 


Let 


r2  = r + A 
rj  = r - A 


Then 


r = -(r,  + r2) 


and 


r23  - r/  _ (r  + A)z  + (r  + A)(r  - A)(r  - A)z 


r~>  -r\ 


(r  + A)  + (r  - A) 


3 r2  + A2 


2 r 


In  the  limit  as  A — ► 0 (i.e.,  rx  = r2),  then 


r2  r\ 

2 2 
r2  ~rX 


So  that 

Which  agrees  with  Equation  (1). 


3 l, 

= —x  — (rl  +r2) 

2 2 1 2 

-23,  x coscir 

Y = — x — (/,  +r2) 

3 4 1 2 f-cr 


- , . coscr  . 

or  Y = {rl+r2) — ◄ 

n-2a 
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SOLUTION 


Then 


or 


or 


Now 


YZA=XyA 


- 1 


ab 

6 j 


aby 

TT 


Y=h 

5 


V = 7=> 


b 


a 


or  — 

b 
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SOLUTION 


Then 


YZA=ZyA 


or 


9 K 

~16 


\2 


H J 


\3 


'1  J 


Let 


Q jr 

—[(p  + l)(p-l)]  = (p-l)(p2+p  + l) 
16 


or 


16/  +(16 -9n)p  + (16-9^)  = 0 
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PROBLEM  5.19  (Continued) 

Then 

— (1 6 — 9tt)  ± ^ 

/(1 6 - 9n)2  - 4(1 6)(1 6 - 9jz) 

P ~ 

2(16) 

or 

p = -0.5726 
p = 1.3397 

Taking  the  positive  root 

— = 1.340  ◄ 
r\ 
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PROBLEM  5.20 

A composite  beam  is  constructed  by  bolting  four 
plates  to  four  60  x 60  x 12-mm  angles  as  shown. 
The  bolts  are  equally  spaced  along  the  beam,  and 
the  beam  supports  a vertical  load.  As  proved 
in  mechanics  of  materials,  the  shearing  forces 
exerted  on  the  bolts  at  A and  B are  proportional  to 
the  first  moments  with  respect  to  the  centroidal  x 
axis  of  the  red  shaded  areas  shown,  respectively, 
in  Parts  a and  b of  the  figure.  Knowing  that  the 
force  exerted  on  the  bolt  at  A is  280  N,  determine 
the  force  exerted  on  the  bolt  at  B. 


SOLUTION 


CD 


Tv 


4S 


22C  ww 


From  the  problem  statement:  F is  proportional  to  Qx. 


Therefore: 


For  the  first  moments: 


(8x)a  ( Qx)b 


or  Fj 


(QJb 


F, 


B (Q,),  A 


12 


(8x)a  = 225  + — (300x12) 


= 831600  mnr 


{Qx)b=(QM  + 2 


12 

225 

2y 


(48  x 1 2)  + 2(225  - 30)(1 2 x 60) 


= 1364688  mnr 


Then 


Fb  = 


1364688 

831600 


(280  N) 


or  Fb  = 459  N ◄ 
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ij 

PROBLEM  5.21 

The  horizontal  x axis  is  drawn  through  the  centroid  C of  the  area  shown,  and 
it  divides  the  area  into  two  component  areas  Al  and  A2.  Determine  the  first 
moment  of  each  component  area  with  respect  to  the  x axis,  and  explain  the 

i 

7J5  in. 

a, 

/ 

C \ 

v results  oDtamea. 

4.5  in. 

4.5  in. 

SOLUTION 


Note  that 
Then 


and 


Qx=*yA 


(Gx)  i = 

(G,)2  = 


5. 

— in. 


x6x5  in. 


x2.5  in.  II  — x9x2.5  | in. 


1 


-x2.5  in.  — x6x2.5 


1 


m. 


or  (Qx\=  25.0  in.3  ◄ 


or  (Gx>2  = -25.0  in.3  ◄ 


NOW  Gx=(G,)l+(G,)2  = 0 

This  result  is  expected  since  x is  a centroidal  axis  (thus  j;  = 0) 

and  Qx=ZyA  = YZA(y  = 0=>Qx=0) 
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PROBLEM  5.22 

The  horizontal  x axis  is  drawn  through  the  centroid  C of  the  area  shown, 
and  it  divides  the  area  into  two  component  areas  Al  and  A2 . Determine 
the  first  moment  of  each  component  area  with  respect  to  the  x axis,  and 
explain  the  results  obtained. 


SOLUTION 

First  determine  the  location  of  the  centroid  C.  We  have 


A,  in.2 

y\  in. 

y'A,  in.3 

I 

2| -x2xl.5  | = 3 

U J 

0.5 

1.5 

II 

1.5x5.5  = 8.25 

2.75 

22.6875 

III 

4.5x2  = 9 

6.5 

58.5 

X 

20.25 

82.6875 

30. 

/\\ 

1 

H 

t * 

T‘ 

Then 

or 

Now 

Then 

and 


Y'ZA  = 1/A 
r (20.25)  = 82.6875 

Y'  = 4.0833  in. 
Qx  =Xy,A 


(QA 


-t(5.5-4.0833)in. 


[(1.5)(5.5-4.0833)]in.2 


+[(6.5  - 4.0833)  in.]  [(4.5)(2)]  in.2 


or  (Qx\  =23.3  in.3  ◄ 


(Qxh 


-(4.0833  in.) 
2 


[(1 .5)(4.0833)]in.2 


— [(4.0833  - 0.5)in.]  x 2 


t-x2xl.5  | in.2 


or  (Qx) 2 =-23.3  in.3  ◄ 
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PROBLEM  5.22  (Continued) 

Now  0,=(0,)i+(0,)2=O 

This  result  is  expected  since  x is  a centroidal  axis  (thus  7 = 0) 

and  Qx='LyA  = Y'LA  (Y  = 0=>Qx=0) 
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PROBLEM  5.23 

The  first  moment  of  the  shaded  area  with  respect  to  the  x axis  is  denoted  by  Qx. 
{a)  Express  Qx  in  terms  of  b , c , and  the  distance  y from  the  base  of  the  shaded 
area  to  the  x axis.  ( b ) For  what  value  of  y is  Ox  maximum,  and  what  is  that 
maximum  value? 


SOLUTION 

Shaded  area: 


(a) 

(b)  For  Q1 


For  y = 0 : 


A = b(c  - y) 

Qx  =yA 

= \{c  + ymc-y)] 

Qx=\b(c2-y2) 

^ = 0 or  ]-b(-2y)  = Q 
ay  2 


◄ 

J = 0 ◄ 


(Qx)  = \bc2 


(! Qx)  = \bc 2 ◄ 
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PROBLEM  5.24 

A thin,  homogeneous  wire  is  bent  to  form  the  perimeter  of  the  figure 
indicated.  Locate  the  center  of  gravity  of  the  wire  figure  thus  formed. 


SOLUTION 


Perimeter  of  Figure  5.1 


L 

X 

y 

xL,  mm2 

yL , mm2 

I 

30 

0 

15 

0 

0.45  x10s 

II 

210 

105 

30 

22.05  xlO3 

6.3x10s 

III 

270 

210 

165 

56.7x10s 

44.55x10s 

IV 

30 

225 

300 

6.75x10s 

9x10s 

V 

300 

240 

150 

72x10s 

45  x10s 

VII 

240 

120 

0 

28.8x10s 

0 

X 

1080 

186.3x10s 

105.3x10s 

XYL-Y.XL 

X(1 080  mm)  = 1 86.3x1 03  mm2  X = 172.5  mm  4 

Y1L  = YuyL 

F(1080  mm)  = 1 05.3x1 03  mm2  Y=91.5mmA 
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PROBLEM  5.25 

A thin,  homogeneous  wire  is  bent  to  form  the  perimeter  of  the  figure 
indicated.  Locate  the  center  of  gravity  of  the  wire  figure  thus  formed. 


SOLUTION 


First  note  that  because  wire  is  homogeneous,  its  center  of  gravity  will  coincide  with  the  centroid  of  the 
corresponding  line. 


L,  mm 

x,  mm 

y,  mm 

xL , mm2 

yL , mm2 

1 

20 

10 

0 

200 

0 

2 

24 

20 

12 

480 

288 

3 

30 

35 

24 

1050 

720 

4 

46.861 

35 

42 

1640.14 

1968.16 

5 

20 

10 

60 

200 

1200 

6 

60 

0 

30 

0 

1800 

X 

200.86 

3570.1 

5976.2 

Then 


XYL  = Y.xL  A(200.86)  = 3570.1 
YYL  = ~LyL  T(200.86)  = 5976.2 


X = 17.77  mm  ◄ 
Y = 29.8  mm  ◄ 
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PROBLEM  5.26 

A thin,  homogeneous  wire  is  bent  to  form  the  perimeter  of  the  figure 
indicated.  Locate  the  center  of  gravity  of  the  wire  figure  thus  formed. 


SOLUTION 

First  note  that  because  the  wire  is  homogeneous,  its  center  of  gravity  will  coincide  with  the  centroid  of  the 
corresponding  line. 


L , in. 

x,  in. 

y,  in. 

xL,  in.2 

yL,  in.2 

1 

33 

16.5 

0 

544.5 

0 

2 

15 

33 

7.5 

495 

112.5 

3 

21 

22.5 

15 

472.5 

315 

4 

Vl22  +152  =19.2093 

6 

7.5 

115.256 

144.070 

X 

88.209 

1627.26 

571.57 

XXL  = XxL 

X(88.209)  = 1627.26  or  X = 18.45in.  ◄ 

7XL  = XyL 

7(88.209)  = 571.57  or  7 = 6.48  in.  ◄ 


Then 

and 
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SOLUTION 

First  note  that  because  the  wire  is  homogeneous,  its  center  of  gravity  will  coincide  with  the  centroid  of  the 
corresponding  line. 


= —(38  in.) 
n 


Then 


Z,  in. 

x,  in. 

y,  in. 

xZ,  in.2 

yL,  in.2 

1 

18 

-29 

0 

-522 

0 

2 

16 

-20 

8 

-320 

128 

3 

20 

-10 

16 

-200 

320 

4 

16 

0 

8 

0 

128 

5 

38 

19 

0 

722 

0 

6 

^•(38)  = 119.381 

0 

24.192 

0 

2888.1 

X 

227.38 

-320 

3464.1 

* = 


-320 


LL  227.38 

LyL  _ 3464.1 
LL  -22738 


X = -1.407  in.  ◄ 

Y =15.23  in.  ◄ 
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A 

Vj 

PROBLEM  5.28 

\\ 

V\ 

r 

A uniform  circular  rod  of  weight  8 lb  and  radius  10  in.  is  attached  to  a pin  at  C and 

/ 

r 

to  the  cable  AB.  Determine  (a)  the  tension  in  the  cable,  ( b ) the  reaction  at  C. 

c 
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PROBLEM  5.29 

Member  ABCDE  is  a component  of  a mobile  and  is  formed  from  a single 
piece  of  aluminum  tubing.  Knowing  that  the  member  is  supported  at  C and 
that  l - 2 m,  determine  the  distance  d so  that  portion  BCD  of  the  member 
is  horizontal. 


SOLUTION 


First  note  that  for  equilibrium,  the  center  of  gravity  of  the  component  must  lie  on  a vertical  line  through  C. 
Further,  because  the  tubing  is  uniform,  the  center  of  gravity  of  the  component  will  coincide  with  the  centroid 
of  the  corresponding  line.  Thus,  X - 0 


So  that 
Then 


or 


(0.75  + 1.5  + 2)  d- 


— (0.75)2 


cos55°  + (0.75)(1.5)  + 3 


or  d = 0.739  m ◄ 
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1.50  in 


PROBLEM  5.30 

Member  ABCDE  is  a component  of  a mobile  and  is  formed  from  a 
single  piece  of  aluminum  tubing.  Knowing  that  the  member  is 
supported  at  C and  that  d is  0.50  m,  determine  the  length  / of  arm  DE 
so  that  this  portion  of  the  member  is  horizontal. 


SOLUTION 


First  note  that  for  equilibrium,  the  center  of  gravity  of  the  component  must  lie  on  a vertical  line  through  C. 
Further,  because  the  tubing  is  uniform,  the  center  of  gravity  of  the  component  will  coincide  with  the  centroid 
of  the  corresponding  line.  Thus, 


So  that 

or 


X = 0 
YxL  - 0 

-(3H^sin20o  + 0.5sin35°Jmx(0.75  m) 
+ (0.25  mxsin35°)x(1.5  m) 

+ f 1 .Ox  sin  35°--^  Jmx(/  m)  = 0 


°r  -0.096193  +(sin35°  I)7-0 

I I I I 

(xL)aB+(xL)bd  (xL)de 

The  equation  implies  that  the  center  of  gravity  of  DE  must  be  to  the  right  of  C. 

Then  l2  — 1 . 147 1 5/ + 0. 192386  = 0 

, 1 . 1 47 1 5 ± J(-l . 147 1 5)2  - 4(0. 1 923 86) 

or  l 

2 


or 


/ = 0.204  m 


or  l-  0.943  m 4 


Note  that  sin  3 5°  - ¥>  0 for  both  values  of  / so  both  values  are  acceptable. 
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SOLUTION 

First  note  that  for  equilibrium,  the  center  of  gravity  of  the  wire  must  lie  on  a vertical  line  through  A.  Further, 
because  the  wire  is  homogeneous,  its  center  of  gravity  will  coincide  with  the  centroid  of  the  corresponding 
line.  Thus, 


So  that 
Then 

or 


X = 0 
IX  L = 0 

1 


2 

cos# 


( 2 r 


—r cos#  (r)  + r cos# 

\n  j 


( nr ) = 0 


1 + 2 K 

: 0.54921 


or 


0 = 56.7°  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


574 


SOLUTION 


A 

y 

yA 

1 

—ba 

i 

—a 

—a2b 

2 

3 

6 

2 

~—(kb)h 

h 

--kbh2 

2 

3 

6 

X 

^-( a-kh ) 

-(a2 -kh2) 

6 

Then 


or 


and 


YEA  = EyA 


—( a-kh ) 


-—(a2  -kh2) 
6 


— _ a2  - kh 2 


3 (a  - kh) 


dY  _ 1 -2 kh(a  - kh)  - (a2  - kh2)(-k)  _ 
dh  ~ 3 (a-kh)2 


or  2h(a  - kh)  -a2  + kh2  = 0 

Simplifying  Eq.  (2)  yields 

kh2  - 2 ah  + a2  = 0 


(1) 


(2) 
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PROBLEM  5.32  (Continued) 

Then 

, 2a±J(-2a)2 -4(k)(a2) 

h = 

2k 

Note  that  only  the  negative  root  is 

acceptable  since  h<a.  Then 

(a) 

& = 0.10 

h=  a fl- Vl-O.iol 

0.10  L j 

or  h = 0.513a  A 

(b) 

k = 0.80 

h=  a fl-Vl-0.80l 

0.80  L J 

or  h = 0.691a  4 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


576 


SOLUTION 

See  solution  to  Problem  5.32  for  analysis  leading  to  the  following  equations: 

- a2  - kh 2 

3 {a  - kh) 

(1) 

2h(a  - kh)  -a2  + kh2  = 0 

(2) 

Rearranging  Eq.  (2)  (which  defines  the  value  of  h which  maximizes  Y)  yields 

a2  - kh2  = 2 h(a  - kh) 

Then  substituting  into  Eq.  (1)  (which  defines  Y) 

Y=  1 x2  h(a  kh) 

3 (a-kh) 

or  Y =—h  A 

3 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


577 


SOLUTION 
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'J 

PROBLEM  5.35 

/y 

V/ 

Determine  by  direct  integration  the  centroid  of  the  area  shown.  Express 

/ 

* your  answer  in  terms  of  a and  h. 

y=kx2 

a ► 

X 

SOLUTION 

At  ( a , h ) 


or 


or 

Now 


and 


Then 


and 


XEL 


yEL  — ^ O' 1 + 72  ) 


= (y2  - yx  )dx  - 
= ~^—{ax-x2)dx 


h h 2 

— x =-* 

<2  a 


dx 


A = 


\dA  = f ~^r(qx  - x2  )dx  = 

J Jo  /72  /72 


a 2 1 3 

— x — X 

2 3 


h ( 2x  , h 

— {ax  - x )dx  = — 


a 3 1 4 

— x x 

3 4 


- Jo 

\yELdA=  jAi  + V2)[(>2  -7i)4c]=  Jy(.V22  - Jl2  )* 


= —a2h 

12 


^ ^ I, 

— x dx 


\_tf_ 

2 a4 


a 

0 
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PROBLEM  5.35  (Continued) 


yA  = \yELdA '■ 


X 


/ 


V 


= — ah2 

15 


x =—a  *4 

2 

y=—h  ◄ 
5 
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SOLUTION 

For  the  element  (EL)  shown 
At 


Then 


Now 


Then 


and 


Hence 


x = a,  y = h : h = ka  or  k = - 


a 1/3 

x=Wy 


dA  = xdfy  = yV3  dy 
hv 3 


1 la 


Xj7T  ~ N — 


,.1/3 


2 

Tel  = T 


2 /L3  y 


Jo  /z 


f-  aA-  f*  1 a 1/3 1 a V3  . 


4/71' 


= — ah 
4 


Jo  2 W5'  UJ  y 

rh  ( n \ n ( 3 


]__g_[  3_  5/3 

2f 


= — a2/? 

10 


I 

yA  = \yELdA 


■■-ah2 

7 


xA=  | xw,dA:  x\—ah\--^a2h 


—ah\  = —ah2 
4 J 7 


x = —a  ^ 
5 


y = -h  ◄ 

7 
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y 

PROBLEM  5.37 

i 

Determine  by  direct  integration  the  centroid  of  the  area  shown. 

b 

1 

^=1  \ 

! 

<fi  b* 

-« a 

X 

SOLUTION 

For  the  element  (EL)  shown 
and 


Then 

To  integrate,  let 
Then 


y el  =^(y+h) 

b l I 2 
= — a + \ja  -x 
2 a\  / 

A — jdA  = J — — sja2  - x2^jdx 

x-a  sin#:  Ja^-x2  = a cos #,  dx  = acosOdO 


r n/2  l) 

A-  —(a-acos0)(acosOd&) 
Jo  a 


b 

2 ' n 2 

( e . 20  Y| 

— 

a sin 6 -a 

— + sin  — 

a 

U 4 JJ 

and 
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PROBLEM  5.37  (Continued) 


jyE/dA  = j"  + Va2  - jc2  j — [a- fa2  — x2  jc/x 


r 

2a2  Jo 


fV) 

Jo 


dx  - 


2 az 


( 3 \ 


v3/ 


: — ab2 
6 


xA  - jxELdA:  x 

yA  = \yELdA-  y 


ab 


f ^Tr\ 

1-^ 


ab\  1- 


K 


= —a2b 
6 


= -ab2 
6 


_ 2a  ^ 

or  x = ^ 

3(4  - ;r) 

2b 

or  y = 


3(4  - ti) 
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V 

PROBLEM  5.38 

Determine  by  direct  integration  the  centroid  of  the  area  shown. 

I /V 

Aj 

X 

PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


584 


PROBLEM  5.39 

Determine  by  direct  integration  the  centroid  of  the  area  shown. 
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SOLUTION 

At 

x = 

b = 

Then 

y=- 

Now 

y 

ii 

ypi  - 

and 

dA  = 

Then 

A = 

and 

II 

.iff 

\yELdA  — 

Hence 

xA  = 

yA  = 

\2  _ r b 


2 2 a2 

b 2 

dA  = ydx  - —r(x  - a)  dx 
a 

r b , ,2 


— (x  - ay  dx 
a 2 


° = —ab 
o 3 


\ {x3  ~ ^ax2  + a2 x^j  dx 


b ( X4  2 3 £/2  2 ) 1 2 7 

— or  H x = — a b 

a2  4 3 2 


12 


r b 
Jo  2a2 

— ab2 

10 


| xELdA : x 

}*) 

\yELdA : y 

(H 

(x  - a)2  dx 


— a2 1 

12 


= —ab 2 

10 


■_  b 1 

"1  / 

_ ~ 2 a4 

— (x- a)5 
_5 

x = — a 4 
4 


y=— b ◄ 
10 
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SOLUTION 


yl=klx2  but  b = kxa2  yx  = —yx2 

a 

7 4 i ,,4  b 4 

y2  = k2x  but  b = k2a  y2=— -x 


dA  = (_y2  - jf,  )c/x  = — - 


4 \ 


x2 


dx 


yEL  — ^ + ) 


b 

-la2 


2 * 
X +— r 


.4  A 
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PROBLEM  5.41  (Continued) 


\}’FJ  dA  ~ J( 


a b 2 X 
r * + 

0 2a2 


.4  A 


4A 


dx 


la4  Jo 


dx 


la4 


5 9a4 


Jo 


= — ab2 

45 


xA  ■■ 


\xELdA: 


15 


— ba\  = — a2b 


12 


- 5 ^ 

x = —a  A 

8 


)’A=  \yELdA'  y\  j5ha 


_ 2_ 
45 


■ —ab2 


y =—b  ◄ 
3 
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SOLUTION 

We  have 


Then 


Hence 


el  ~ 

_ 1 a 

yEL~2y~2 


dA  - ydx  - a 


A- 


r i\ 

L L\ 

r 

, X X 

1 + -T 

V * L J 


— * — * 

— -cix 

V 

M 

V 

dx 


r . f2 L (_  X jA 

2 3 
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PROBLEM  5.43 

Determine  by  direct  integration  the  centroid  of  the  area  shown.  Express 
your  answer  in  terms  of  a and  b. 


SOLUTION 

For  at 

Then 

Now 

and  for 


For 


Then 


x = a,  y = b:  a = kb 2 or  k - — 


b2 


-s la 


xm  =x 


.1/2 


0<x: 


a _ _ y2  _b  x 

2'  yEL~~2  ~Yfa 


1/2 


<iT  = y2dx  = b—j=dx 

da 


a _ 1 , x b 

=-(_yj +j2)  = - 


1/2  A 


X 1 X 

va  2 4a 

f!2_£  + I 

4a  a 2 


dx 


dA  = (y2  - yx)dx  = b 

A=  [ dA=  \al2b^j=dx+  f b\^=--  + - 
J JO  Jn  Jal  2 a//7  a 2 


1/2 


dx 


- x 3/2 

a/2 

+ b 

_3 

0 

2xm  x2  1 

1= 1 — X 

3 2 a 2 


-I  a/2 


2 b 

3 Va 


24 


3/2 


J I +W3/2 


3/2 


(a2)- 

r a^ 

2 

1 

+ — 

(a)-Wll 

2 

L UJJJ 
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Hence 


PROBLEM  5.44  (Continued) 
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SOLUTION 

First  note  that  because  the  wire  is  homogeneous,  its  center  of  gravity  coincides  with  the  centroid  of  the 
corresponding  line 

Now 


XEL 


■ a cos3  0 and  dL  = ^Jdx2  + dy2 


Where 


Then 


x = acos36f  dx  = -3a  cos  Osin  OdO 
y -a  sin3  0:  dy  = 3a  sin2  6 cos  OdO 


dL  = [(-3a  cos2  0 sin  OdO)2  + (3a  sin2  0 cos  OdO)2  ]1/2 
= 3 a cos  0 sin  0 (cos2  0 + sin2  0)ll2d0 


= 3 a cos  0 sin  OdO 


p rn!  2 

1 0 

\dL  - 3a  cos  #sin  OdO  -3a 

—sin2  0 

J Jo 

_2 

-\Jii2 


and 


3 

= — a 
2 

rn!  2 


C7111  3 

J xELdL  = J a cos  0 (3a  cos  0 sin  OdO) 
1 


= 3a 


-17T/2 


-—cos5  0 
5 


Jo 


Hence 

Alternative  Solution 


xL 


=\- 


xELdL : x 


3 2 

= —a 
5 


3 2 

-—a 

5 


x = acos  0 =>  cos  # = 


/ \2/3 

X 


y = asin  #=>sin  0-  — 

a j 


\ 2/3 


^2/3  x \ 2/3 

+ — 


i ^ / 2/3  2/3  \3/2 

- 1 or  y = (a  — x ) 


x = — a ^ 
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Then 

Now 

and 

Then 

and 

Hence 


PROBLEM  5.45  (Continued) 


◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


595 


PROBLEM  5.46 

A homogeneous  wire  is  bent  into  the  shape  shown.  Determine  by  direct 
integration  the  x coordinate  of  its  centroid. 


SOLUTION 


First  note  that  because  the  wire  is  homogeneous,  its  center  of  gravity  coincides  with  the  centroid  of  the 
corresponding  line 


Now 

Then 

and 


Thus 


xel  ~ r cos  & and  dL  = rdO 
L=\dL=^'\dd  = r\dti:  =\nr 

•_  tint  A 

xELdL=  r cos  0(rd0) 

J7T/4 

= r2\  sin<?]“4 


l V2  V2J 

= -r2V 2 


2V2 

x = 

3 K 


r A 
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PROBLEM  5.47* 

A homogeneous  wire  is  bent  into  the  shape  shown.  Determine  by 
direct  integration  the  x coordinate  of  its  centroid.  Express  your 
answer  in  terms  of  a. 


SOLUTION 

First  note  that  because  the  wire  is  homogeneous,  its  center  of  gravity  will  coincide  with  the  centroid  of  the 
corresponding  line. 


We  have  at 

x = a, 

a = ka3 12 

Then 

y = -)=x3 

da 

and 

<N 

II 

Now 

XEL  ~ X 

1 f 

and 

dL  = Jl+  ■ 

Then 


and 


or  k = 


y = <* 

a Ja 


.1/2 


dy_ 

dx 


dx 


-il/2 


1 + 


3 A2 


2«Ja 


dx 


= — ^=V4a  + 9x  dx 
2d  a 


L=  f dL=  -d-J  4a + 9x 

J Jo  2 4a 


2 x— (4a  + 9x)3/2 


dx 


2y[a  _3  9 

~[(13)3/2-S] 


Jo 


= 1.43971a 

\XELdL  = j0 


1 y]Aa  + 9x  dx 
2d  a 
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Use  integration  by  parts  with 


PROBLEM  5.47*  (Continued) 


u — x dv  = V4a  + 9x  dx 
2 

du  = dx  v = — (4a  + 9x)3/2 
27 


Then 


iXR,dL  2\[a 


xx—(4a  + 9xf2 
27 


Jo 


\a  —{Aa  + 9x)y  2 
Jo  27 


dx 


(13)3/2  a2 
27 


21\fa 


—(4a  + 9x)5'2 

45 


2 


= ~{(13)3/2  _~[(13)5/2  -32] 


= 0.78566o2 

JL  = jxELdL:  x (1.4397  la)  = 0.78566a2 


or  x = 0.546a  ^ 
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PROBLEM  5.48* 

Determine  by  direct  integration  the  centroid  of  the  area  shown. 


SOLUTION 

We  have 

and 

Then 


and 

Use  integration  by  parts  with 


XEL  ~X 

1 a nx 
Vj7T  = — v = — cos  — 

EL  2 2 2 L 

TCX 
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Jo 
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= 0.106374aL 
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PROBLEM  5.48*  (Continued) 


Also 


Ml  2 

Jo 


a kx(  nx  7 ^ 

—cos — a cos  — ax 
2 2L y 2 L ) 


a1 

X sin  “ 

LI  2 

a 

(L  L \ 
_|_  

~2 

9 2k 

_ L 

0 

v4  2 n ; 

= 0.2045  8a2L 


yA=  \yEidA' 


V2 


;r 


V2 

/T 


0.106374aZ2 

0.20458a2L 


or  x =0.236 Z. 

or  j = 0.454a 
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SOLUTION 

We  have 


and 


_ 2 a 

xFr  =—  r cos  0-  — ae  cos  0 

el  3 3 


2 0 r 


yEL  - ~r  sin  @ — ~^ae  s^n  ® 

dA  = ^{r){rd0)  = ^a2e29d0 


Then 


and 


[dA=  fi  a2e26d0  = -a2 

X-e2e 

J Jo  2 2 

2 

= — a2(e2n  -1) 

4 


= 133.623a 

\xELdA  = jc 


n2  o 
— ae  cos  0 
'o  3 


— a2e2edO 
2 


1 3 C71 

-—a 
3 Jo 


e 30  cos  OdO 


To  proceed,  use  integration  by  parts,  with 


Then 
Now  let 

Then 


u = ew  and  du  = 3 ewdO 
dv  = cos  OdO  and  v = sin  0 

Je 36  cos  0d0  = ew  sin  0 - Jsin  0(3e2ed0) 


3 e 


u = then  du  = 3e  dO 
dv  = sin  Od 0 , then  v = - cos  # 


je3®sin0£/0  = e3*sin0-3  -e3&  cos  8-  J(-cos<9)(3e3dV<9) 
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PROBLEM  5.49*  (Continued) 


So  that 


30 

je36>  cos  OdO  - (sin  0 + 3 cos  0) 


j 


xELdA  = —a3 


3 


30 


(sin  0 + 3 cos  0) 

10 


Jo 


Also 


= — (-3e^  - 3)  = -1239.26a3 
30 


jy^idd  = J —ae0s,md\—a2e2edd 


3 
c 

3 Jo 


^ a3  f e3^  sin  OdO 

Jo 


Using  integration  by  parts,  as  above,  with 


Then 


So  that 


u = e 30  and  du  = 2e30dO 
dv  = Jsin#<i#  and  v = - cos# 

jV19  sin#<i#  = -e3<9  cos  0 — J(-cos#)(3e3<9<i#) 

30 

\e 30  sin  OdO  = (- cos  0 + 3 sin  0) 

J 10 


| Xex  dA  - a 


3 0 


(-cos  0 + 3 sin  0) 

10 


Jo 


-.—(e37l+\)  = 413.09a3 
30 


Hence 


xA=  jxELdA:  3t(133.623a2)  = -1239.26a3 
yA=  jyELdA:  y (133. 623a2 ) - 


:413.09a3 


or  x = -9.21a  4 
or  y = 3.09a  4 
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f/ 

PROBLEM  5.50 

y=a-|) 

Determine  the  centroid  of  the  area  shown  when  a = 2 in. 

s 

/ 

X 

* l in.r 

a 
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X 

Find:  a so  that  — = 9 

y 

PROBLEM  5.51  (Continued) 

We  have 

Then 

x xA  J 

\xELdA 

y~yA  \ 

~2^  — Cl  + y 

or 

— 1 + a + 1 In  a + 9 = 0 

Using  trial  and  error  or  numerical  methods  and  ignoring  the  trivial  solution  a- 1 in.,  find 

a = 1.901  in.  and  a = 3.74  in.  4 
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PROBLEM  5.52 

Determine  the  volume  and  the  surface  area  of  the  solid  obtained 
by  rotating  the  area  of  Problem  5.1  about  {a)  the  line  x = 240  mm, 
(b)  they  axis. 

PROBLEM  5.1  Locate  the  centroid  of  the  plane  area  shown. 


SOLUTION 

From  the  solution  to  Problem  5.1  we  have 

A = 15.3xl03mm2 
ExA  = 2.6865  x10s  mm3 
'LyA  = 1.4445  xlO6  mm3 

Applying  the  theorems  of  Pappus-Guldinus  we  have 
(a)  Rotation  about  the  line  x = 240  mm 

Volume  = 2^(240  - x)A 

= 2sr(240A-XxA) 


= 2;t[240(15.3x103)-2.6865x106]  Volume  = 6. 19x1 06 mm3  ◄ 


Area  = 2 nX^L  = 2;rZ(xline)Z 

— 27c  “t-  x^L^  “l-  x^L^  “l-  x^L^  “l-  x^L^ ) 

Where  xx , . . . , x6  are  measured  with  respect  to  line  x = 240  mm. 

Area  = 2;r[(120)(240)  + (15)(30)  + (30)(270) 

+ (135)(210)  + (240)(30)]  Area  = 458 xlO3 mm2  ◄ 


(b)  Rotation  about  the  y axis 

Volume  = 27rXareaA  = 2/r(XxA) 

= 2^(2.6865 xlO6 mm3)  Volume  = 16. 88x1 06 mm3  M 


Area  = 2 irXlineL  = 2^X(xline)L 

— 2 jc^x^Ly  "t"  X2L2  “I-  x-^-Z^  "t-  x^L^  “H  x^L^  ) 

= 24(120)(240)  + (240)(300) 

+ (225)(3 0)  + (2 1 0)(270)  + (1 05)(2 1 0)]  Area  = 1 . 1 7 1 x 1 06  mm2  ◄ 
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PROBLEM  5.53 

Determine  the  volume  and  the  surface  area  of  the  solid  obtained  by  rotating 
the  area  of  Problem  5.2  about  ( a ) the  liney  = 60  mm,  ( b ) they  axis. 

PROBLEM  5.2  Locate  the  centroid  of  the  plane  area  shown. 


© 


SOLUTION 

From  the  solution  to  Problem  5.2  we  have 

A = 1740  mm2 
ZxA  = 28200  mm3 
ZyA  = 55440  mm3 

Applying  the  theorems  of  Pappus-Guldinus  we  have 
(a)  Rotation  about  the  line  y - 60  mm 

Volume  = 2?r(60  - y)A 

= 2/r(60A-ZyA) 

= 2460(1740)  -55440] 

Area  = In  Yline 

= 2nY.(yXmc)L 

= 2/r(>’|  Lt  + y2L2  + Vj  + y4L4  + y^  L(j ) 
Where  yl,...,y6  are  measured  with  respect  to  line  y = 60  mm. 


1 

20 

30 

vj  — Afrt 

(S)  ' 

— j ^ 

\ 

1 

i 

3 (o 

© 

i 

2 A 
[ 

Volume  = 3 08  x 103  mm3  M 


Area  = 2 n 


(60X20)  + (48)(24)  + (36)(30)  + (1 8)7(30)2  + (36)2  + (30)(60) 

Area  = 38.2xl03mm2  4 


(b)  Rotation  about  the  y axis 

Volume  = 2 7rXareaA  = 2n(LxA)  = 2428200 mm3)  Volume  = 177.2xl06mm3  A 

Area  — 2 tt2Cy^qL  — 2tt  L(Vjj^g  )L  — 2tt (Vj Lj  T-  x^L^  -T  V3 L3  T-  x^L^  “l-  ) 

= 2n\(l  0)(20)  + (20)(24)  + (35)(30)  + (35)V(30)2  + (36)2  + (1 0X20) 

Area  = 22.4x1 03  mm2  4 
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f/ 

PROBLEM  5.54 

Determine  the  volume  and  the  surface  area  of  the  solid  obtained  by  rotating  the 

1 

20 

area  of  Problem  5.8  about  ( a ) the  x axis,  ( b ) they  axis. 

in. 

r =/ 15  in. 

PROBLEM  5.8  Locate  the  centroid  of  the  plane  area  shown. 

30 

in. 

- — 30  in. — - 

.t 

SOLUTION 

From  the  solution  to  Problem  5.8  we  have 

A = 1146.57  in.2 
YxA  = 14147.0  in.3 
lyA  = 26897  in.3 

Applying  the  theorems  of  Pappus-Guldinus  we  have 
(a)  Rotation  about  the  x axis: 

Volume  = 2KYareaA  = 2nYfy  A 
= 2^(26897  in.3) 


or  Volume  = 1 69.0  x 1 03  in.3  A 


Area  = 2 jtYlineA 

= 2^(yiine)A 

= 2/t(>'2  l2  + >'3  7.3  + >4  LA  + y5L5  + y6L6) 

= 24(7.5X1 5)  + (30)0  x 1 5)  + (47.5)(5) 

+ (50)(30)  + (25)(50)]  or  Area  = 28.4x1 03  in.2  ◄ 

(b)  Rotation  about  the  y axis 

Volume  = 2 nXareaA  = 2nYx  A 

= 2414147.0 in.3)  or  Volume  = 88.9xl03 in.3  ◄ 

Area  = 2 7iXlineL  = 2nZ,(xline)L 

— 2;r(x1Z1  T-  x^L^  "l-  x^_Z^  d-  *^4-^4  "l-  x^ ) 


(1 5)(30)  + (30)(1 5)  + f 30  2Xl5l 

(/rx  1 5)  + (30)(5)  + (1 5)(30) 

V n ) 

or 


Area  = 1 5.48x1 03  in.2  ◄ 
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PROBLEM  5.55 

Determine  the  volume  of  the  solid  generated  by  rotating  the  parabolic 
area  shown  about  (a)  the  x axis,  ( b ) the  axis  AA'. 


SOLUTION 


First,  from  Figure  5.8a  we  have 


Applying  the  second  theorem  of  Pappus-Guldinus  we  have 
(a)  Rotation  about  the  x axis: 


Volume  = 2n  y A 


(2  A 

(4  A 

—h 

—ah 

U J 

U J 

(b)  Rotation  about  the  line  AA': 


Volume  = 2k{2o)A 


= 2n(2a) 


or  Volume  = —Kah2  4 
15 


1 6 

or  Volume  = — 7ra2h  A 
3 
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SOLUTION 


The  area  A and  circumference  C of  the  cross  section  of  the  bar  are 


A = —d2  and  C = red. 
4 


Also,  the  semicircular  ends  of  the  link  can  be  obtained  by  rotating  the  cross  section  through  a horizontal 
semicircular  arc  of  radius  R.  Now,  applying  the  theorems  of  Pappus-Guldinus,  we  have  for  the  volume  V: 


or 


For  the  area  A: 


or 


F = 2(Fside)  + 2(Fend) 
= 2{AL)  + 2(7rRA) 

= 2(L  + ttR)A 


V 


2[30  mm  + /r(10  mm)] 


j(6  mm)2 


= 3470  mm3 


A = 2(Aside)  + 2(Aend) 

= 2(CL)  + 2(ttRC) 

= 2{L  + kR)C 

A-  2[30  mm  + ;r(10  mm)][/r(6  mm)] 
= 2320  mm2 


or  V - 3470  mm3  A 


or  A-  2320  mm2  A 
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PROBLEM  5.57 

Verify  that  the  expressions  for  the  volumes  of  the  first  four  shapes  in  Figure  5.21  on  Page  253  are  correct. 
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90°-^.  PROBLEM  5.58 

\\—  ljin.—  |V 

A 4-  -in.-diameter  hole  is  drilled  in  a niece  of  l-in.-thick  steel:  the  hole 

■ 

1 

is  then  countersunk  as  shown.  Determine  the  volume  of  steel  removed 
l during  the  countersinking  process. 

3 . 

-m. 

SOLUTION 

The  required  volume  can  be  generated  by  rotating  the  area  shown  about  they  axis.  Applying  the  second 
theorem  of  Pappus-Guldinus,  we  have 


y 


V = 2k  xA 


"3 

1/ 

'lY 

n i . 

1 . 1 

- + - 

- in. 

X 

— x — m.x  — m. 

_8 

31 

a) 

L2  4 

4 J 

V = 0.0900  in.3  ◄ 
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PROBLEM  5.60 

Three  different  drive  belt  profiles  are  to  be 
studied.  If  at  any  given  time  each  belt  makes 
contact  with  one -half  of  the  circumference  of 
its  pulley,  determine  the  contact  area  between 
the  belt  and  the  pulley  for  each  design. 


SOLUTION  SOLUTION 


Applying  the  first  theorem  of  Pappus-Guldinus,  the  contact  area  Ac  of  a belt 
is  given  by: 

Ac  = KyL  — n'LyL 


where  the  individual  lengths  are  the  lengths  of  the  belt  cross  section  that  are 
in  contact  with  the  pulley. 


(a)  Ac  — ) + y2L2  ] 


0.125  V 


m. 


0.125  in. 
cos  20° 


or 


+ [(3  -0.125)in.](0.625  in.)j 
Ar  =8.10  in.2  ◄ 


(b)  Ac=n[2(yA)] 


-2  n 


3-0.08- 


0.375 


in. 


^0.375  in. 
v cos  20° 


or 


Ac  = 6.85  in.2  4 


( c ) — ^[^(Tr A )] 


--K 


2(0.25) 


K 


m. 


[tt(0.25  in.)] 


or 


Ac  =7.01  in.2  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


614 


PROBLEM  5.61 

The  aluminum  shade  for  the  small  high-intensity  lamp  shown  has  a uniform  thickness  of  1 mm.  Knowing  that 
the  density  of  aluminum  is  2800  kg/m3,  determine  the  mass  of  the  shade. 


32  mm  I 2S  mm 
8 mm 
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75  111m 


25  mm 
1 


PROBLEM  5.62 

The  escutcheon  (a  decorative  plate  placed  on  a pipe  where  the 
pipe  exits  from  a wall)  shown  is  cast  from  brass.  Knowing  that 
the  density  of  brass  is  8470  kg/m3,  determine  the  mass  of  the 
escutcheon. 


SOLUTION 


The  mass  of  the  escutcheon  is  given  by  m = (density)F,  where  V is  the  volume.  V can  be  generated  by 
rotating  the  area  A about  the  x-axis. 


From  the  figure: 


Lx  = V752  -12.52  = 73.95 10 

= 37-5  = 76.8864  mm 
tan  26° 

a = L2-L{  = 2.9324  mm 
, . -i  12.5 


m 


> = sin 


a = - 


15 

26° -9.5941 


= 9.5941° 

= 8.2030°  = 0.143168  rad 


Area  A can  be  obtained  by  combining  the  following  four  areas: 

0 


Applying  the  second  theorem  of  Pappus-Guldinus  and  using  Figure  5.8a,  we  have 

V = 2k  y A = 2 nYAyA 


Seg. 

A , mm2 

y,  mm 

yA,  mm3 

1 

-t  (76.886)(37.5)  = 1441.61 

2(37.5)  = 12.5 

18020.1 

2 

-«(75)2  =-805.32 

2(75)  sin 

sin  (a + (/))  = 1 5 .2303 

3a 

-12265.3 

3 

-2(73.951X12.5)  = -462.19 

2(12.5)  = 4.1667 

-1925.81 

4 

-(2.9354X12.5)  = -36.693 

2(12.5)  = 6.25 

-229.33 

i 

3599.7 
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PROBLEM  5.62  (Continued) 

Then 

V = InYyA 
= 2^(3599.7  mm3) 

= 22618  mm3 
m = (density)  V 

= (8470  kg/m3 )(22.6 1 8 x 1 0-6 m3 ) 

= 0.191574  kg 

or  m-  0.1916  kg  4 
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PROBLEM  5.63 

A manufacturer  is  planning  to  produce  20,000  wooden  pegs 
having  the  shape  shown.  Determine  how  many  gallons  of 
paint  should  be  ordered,  knowing  that  each  peg  will  be  given 
two  coats  of  paint  and  that  one  gallon  of  paint  covers  100  ft2. 


SOLUTION 


The  number  of  gallons  of  paint  needed  is  given  by 


Number  of  gallons  = (Number  of  pegs)(Surface  area  of  1 peg) 


r\  gallon^ 

v 100  ft2  J 


(2  coats) 


or  Number  of  gallons  = 400  As  (As  ~ ft2 ) 


where  As  is  the  surface  area  of  one  peg.  As  can  be  generated  by  rotating  the  line  shown  about  the  x axis. 
Using  the  first  theorem  of  Pappus-Guldinus  and  Figures  5.8b, 


We  have 


®n 


1(2) 

V\ 

ik. 

sin  2 a = 


R = 0.875  in. 
0.5 


0.875 


A 

• »*». 


M— < 

\ A 2s  IN. 

t/>J 1 

_J  L_  RO-  toVi 


or  2a  = 34.850°  a = 17.425° 

As  = 2 kY  L - InYfyL 


L,  in. 

y,  in- 

yL,  in.2 

1 

0.25 

0.125 

0.03125 

2 

0.5 

0.25 

0.125 

3 

0.0625 

°-25  + 0-3125  =0.28125 

2 

0.0175781 

4 

3 - 0.875(1  - cos  34.850)  - 0. 1 875  = 2.6556 

0.3125 

0.82988 

5 

— x 0.1 875  = 0.29452 

2 

0.5-2XtU875  =0.38063 
n 

0.112103 

6 

2«r(0.875) 

0.875sinl7.425°  . 

x sin  17.425° 

a 

0.137314 

Y.yL  = 1.25312  in.2 
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PROBLEM  5.63  (Continued) 

Then 

1 

A = 2^(1.25312  in.2) x 

144  in.2 

= 0.054678  ft2 

Finally 

Number  of  gallons  = 400x0.054678 

= 21.87  gallons 

Order  22  gallons  A 
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PROBLEM  5.64 

The  wooden  peg  shown  is  turned  from  a dowel  1 in.  in 
diameter  and  4 in.  long.  Determine  the  percentage  of  the 
initial  volume  of  the  dowel  that  becomes  waste. 


SOLUTION 

To  obtain  the  solution  it  is  first  necessary  to  determine  the  volume  of  the  peg.  That  volume  can  be  generated 
by  rotating  the  area  shown  about  the  x axis. 


1 

_XVA 

nsri 

h*.  in 

CMfc-YS  VU.-L1 

* «U. 

The  generating  area  is  next  divided  into  six  components  as  indicated 


m. 


sin  2 a - — : — 

0.875 

or  2a  - 34.850°  = 17.425° 

Applying  the  second  theorem  of  Pappus-Guldinus  and  then  using  Figure  5.8a,  we  have 


VPEG  = InYA  = In^LyA 


A,  in.2 

y,  in. 

yA,  in.3 

1 

0.5x0.25x0.125 

0.125 

0.015625 

2 

[3  - 0.875(1  - cos  34.850°)  - 0. 1 875] 
x(0.3125)  = 0.82987 

0.15625 

0.129667 

3 

0.1875x0.5x0.9375 

0.25 

0.023438 

4 

-^(0.1875)2  =-0.027612 

0,5-4XO'1875  =0.42042 

-0.011609 

5 

«(0.875)2 

2x0.875 sin  17.425°  . „„„ 

x sin  17.425° 

3a 

0.04005 

6 

- -t  (0.875  cos  34.850°)(0.5)  = -0. 179517 

- (0.5)  = 0.1 66667 

3 

-0.029920 

'LyL^  0.1 67252  in.3 
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PROBLEM  5.64  (Continued) 

Then 

vpeg  = 2/r(0. 167252  in.3) 

= 1.05088  in.3 

Now 

71  o 

V dowel  = — (diameter)  (length) 

= M\  in.)2  (4  in.) 

4 

= 3.14159  in.3 

Then 

% Waste  = Vwaste  xl00% 

^ dowel 

V,  r-V 

= dowel  peg  xl00% 

^ dowel 

( 1 05088^ 

= 1-  ' xl00%  or  % Waste  = 66.5%  ◄ 

^ 3.14159  J 
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PROBLEM  5.65* 

The  shade  for  a wall-mounted  light  is  formed  from  a thin  sheet  of 
translucent  plastic.  Determine  the  surface  area  of  the  outside  of 
the  shade,  knowing  that  it  has  the  parabolic  cross  section  shown. 


SOLUTION 


First  note  that  the  required  surface  area  A can  be  generated  by  rotating  the  parabolic  cross  section  through  n 
radians  about  they  axis.  Applying  the  first  theorem  of  Pappus-Guldinus  we  have 


Now  at 


and 


where 

Then 
We  have 


A = nxL 


x = 1 00  mm,  y = 250  mm 
250  = &(100)2  or  k = 0.025  mm-1 


dL  = . 1 + 


rdyf 

dx 


dx 


dx 


dL  - Vl  + 4 k2x2  dx 


xL  - 


p pi  00 

\XEL  dL  = J0  J 


\ + Ak2x2dx 


xL  = 


11(1  + 4*2*2)3/2 

3 4 k2 


-noo 


Jo 


1 


12  (0.025) 

= 17543.3  mm2 


t — -{[1  + 4(0.025)2  (100)2f2 


Finally 


A = ^(17543.3  mm2) 


or  A = 55.1xl03  mm2  4 
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PROBLEM  5.66 

For  the  beam  and  loading  shown,  determine  ( a ) the  magnitude 
and  location  of  the  resultant  of  the  distributed  load,  ( b ) the 
reactions  at  the  beam  supports. 


SOLUTION 


R1  = i(150  lb/ft)  (9  ft)  = 675  lb 

Ru  = t-  (1 20  lb/ft)  (9  ft)  = 540  lb 

r = ry  +Rn  =675  + 540  = 1215  lb 
XR  = IXR : X(1215)  = (3)675) + (6)(540)  X = 4.3333  ft 

(a)  R = 1215  lb  | X = 4.33  ft  A 

( b ) Reactions:  =0:  B(9  ft)  - (1215  lb) (4.3333  ft)  = 0 

B = 585.00  lb  B = 585  lb  f ◄ 

4-|s/^=0:  A + 585.00  lb  -1215  lb  = 0 

A = 630.00  lb  A = 630  lb{  ^ 
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PROBLEM  5.67 

For  the  beam  and  loading  shown,  determine  {a)  the  magnitude  and 
location  of  the  resultant  of  the  distributed  load,  ( b ) the  reactions  at  the 
beam  supports. 
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SOLUTION 

(4  kN/m)  (6  m) 
= 12  kN 

Ru  = (2  kN/m)  (10  m) 
= 20  kN 

+|  ZFy  = 0:  ^4  - 12  kN  - 20  kN  = 0 


+)XMA  = 0:  Ma  -(12  kN)(2  m)-(20  kN)(5  m)  = 0 


A = 32.0kN|  ◄ 
=124.0  kNm^ 
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SOLUTION 

We  have 


Then 


or 


or 


til 

L'1 

•-A  tt-H 

1 r 

&TS 

' bT 

}. *.vt 

Oil 

tit 

\ it 


R j=  -(3  ft)  (480  lb/ft)  = 720  lb 

Ru  = i(6  ft) (600  lb/ft)  = 1800  lb 
3?ra  = (2  ft)  (600  lb/ft)  = 1200  lb 
+.^=0:  Bx=  0 

+)emb  = 0:  (2  ft)(720  lb)  - (4  ft) (1800  lb)+(6  ft)C  - (7  ft) (1200  lb)  = 0 


Cy  = 2360  lb 


+|  IF  = 0:  -720  lb  + B - 1800  lb  + 2360  lb  - 1200  lb  = 0 


By  = 1360  lb 


C = 23601bf  ◄ 
B = 1360  lb  { ◄ 
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2(H)  Ib/ft 


PROBLEM  5.70 

Determine  the  reactions  at  the  beam  supports  for  the  given  loading. 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


627 


10(H)  Will 


PROBLEM  5.71 

Determine  the  reactions  at  the  beam  supports  for  the  given  loading. 


SOLUTION 


First  replace  the  given  loading  with  the  loading  shown  below.  The  two  loadings  are  equivalent  because  both 
are  defined  by  a linear  relation  between  load  and  distance  and  the  values  at  the  end  points  are  the  same. 


We  have 


Then 


or 


or 


Ru  = (3.6  m)(1200  N/m)  = 4320  N 


= 0:  Bx=  0 

-(3.6  m )Ay  + (2.4  m)(3960  N) 
-(1.8  m)(4320  N)  = 0 


+)IMb=  0: 


Ay  =480  N 

+| lFy  = 0:  480 N- 3960 N + 4320  + By  =0 


S„ = -840  N 


A = 480Nf  ◄ 
B = 840  N 1 ^ 
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SOLUTION 


We  have 


Then 


or 


or 


Rn  = _(6  ft)(100  lb/ft)  = 200  lb 

+.EFx=0:  Ax=  0 

+|  IF  = 0 : A -800  lb-200  lb  = 0 


Ay  =1000  lb 


+ \'LMi  =0:  Ma-{  3 ft)(800  lb)  - (16.5  ft)(200  lb)  = 0 


Ma  =5700  lb  ft 


A = 1000  lb  | ◄ 


M,  = 5700 lb • ft ^ ◄ 
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Vertex 


PROBLEM  5.73 

Determine  the  reactions  at  the  beam  supports  for  the  given  loading. 


SOLUTION 

First  replace  the  given  loading  with  the  loading  shown  below.  The  two  loadings  are  equivalent  because  both 
are  defined  by  a parabolic  relation  between  load  and  distance  and  the  values  at  the  end  points  are  the  same. 


Itoo  & 


We  have 


Then 


or 


or 


61 


Rj  = (6  m)(300  N/m)  = 1800N 
Ru  = | (6  m)(1200  N/m)  = 4800  N 

±-ZFx=0:  4=0 

+fllF  =0:  A +1 800  N - 4800  N = 0 


Ay  = 3000  N 


+)  ZMa  = 0 : Ma  + (3  m)(l  800  N)  - 


15 


■ m 


(4800  N)  = 0 


Ma  =12.6kN  m 


A = 3000Nt  ◄ 


=12.6kN  m ;◄ 
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PROBLEM  5.74 

Determine  (a)  the  distance  a so  that  the  vertical  reactions  at 
supports  A and  B are  equal,  ( b ) the  corresponding  reactions  at 
the  supports. 


SOLUTION 


(a) 


We  have 


R,  = -t(a  m)(l800  N/m)  = 900a  N 
Ru  =-t[(4-a)m](600  N/m)  = 300(4-a)N 


Then 

or 

Now 

Also 


or 

Equating  Eqs.  (1)  and  (2) 
or 


+jLF=0:  A -900a -300(4 -a)  + B=0 


Ay  +By  =1200  + 600a 


+)EMB=  0:  -(4  m )AV  + 


Ay=Bv^>  AV=BV=  600  + 300a (N) 
[(900a)  N] 


y y y y 

f 

L ■+■ 

y 


4--  |m 


v 


[300(4  - «)n]  = 0 


A = 400  + 700a  - 50a 


600  + 300a  — 400  + 700a  — 50a^ 
a2  — 8a  + 4 = 0 


Then 

or 

Now 


8 ± V(-8)2  - 4(1)(4) 

a- 

2 

a = 0.53590  m 
a<4m^ 


(i) 


(2) 


a = 7.4641  m 
a = 0.536  m A 
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PROBLEM  5.74  (Continued) 

(b)  We  have 

l+ 

II 

© 

> 

II 

o 

Eq.  (1) 

II 

= 600  + 300(0.53590) 

= 761 N 

A = B = 761N|^ 
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PROBLEM  5.75 

Determine  (a)  the  distance  a so  that  the  reaction  at  support  B is 
minimum,  ( b ) the  corresponding  reactions  at  the  supports. 


SOLUTION 

(a) 


We  have 


or 


RY=-(a  m)(1800  N/m)  = 900a  N 

Rn  = I[(4  - a)m](600  N/m)  = 300(4  - a)  N 


Then 

+)ZMa=  0:  ° ml  (900a  N)  f8  + %l[300(4  a)N]  + (4m)5>, 

W / V 3 J 

= 0 

or 

By  — 50  a1  — 100a  + 800 

(1) 

Then 

dBy, 

— — = 100a  - 100  = 0 or 

da 

a = 1.000  m A 

Eq.  (1) 

By  = 50(1)2  - 100(1)  + 800  = 750  N 

B = 750  N | ◄ 

and 

O 

II 

o 

II 

+1 

hj  1.F 1 = 0:  A - 900(1)N  - 300(4  - 1)N  + 750  N = 0 


Ay  =1050N 


A = 1050Nj  ◄ 
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450  ll»/ft 

■ 

m 

[TTm 

PROBLEM  5.76 

i)  Determine  the  reactions  at  the  beam  supports  for  the  given  loading 

44.1  ldp-ft  ^ 

A B 

i ft 

c 

in  fi  1 - ~ 

when  co 0 = 150  lb/ft. 

i - n - 

2 ft 

SOLUTION 


We  have 


Then 


or 


or 


Ra  =i(18  ft)(150  lb/ft)  = 1350  lb 

±~ZFx  = 0:  Cx  =0 

+;  I :Mb  = 0 : - (44, 1 00  kip  • ft)  - (2  ft)  - (4050  lb) 

-(8  ft)(1350  lb)  + (12  ft  )Cy  = 0 

Cy  = 5250  lb 

+1^=0:  By  - 4050 lb -1350 lb  + 5250 lb  = 0 

By  =150  lb 


C = 5250  lb  | ◄ 
B =150.0  lb  | ◄ 
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45<)  ll»/ft 
44.1  kip- ft 


( 


4 aAt  h 

-4  ft -4* — 


C " 


-12  ft- 


4k 


2 ft 


PROBLEM  5.77 

Determine  ( a ) the  distributed  load  co0  at  the  end  D of  the 
beam  ABCD  for  which  the  reaction  at  B is  zero,  ( b ) the 
corresponding  reaction  at  C. 
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A 


24  kN  30  kN 

a = 0.6  in  | I u.«3  m 


d 


I .<S  m - 


PROBLEM  5.78 

The  beam  AB  supports  two  concentrated  loads  and  rests  on  soil  that 
exerts  a linearly  distributed  upward  load  as  shown.  Determine  the 
values  of  cda  and  coB  corresponding  to  equilibrium. 
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24  kN  30  kN 


1 .8  m 


PROBLEM  5.79 

For  the  beam  and  loading  of  Problem  5.78,  determine  ( a ) the  distance  a 
for  which  coA  = 20  kN/m,  ( b ) the  corresponding  value  of  coB. 

PROBLEM  5.78  The  beam  AB  supports  two  concentrated  loads  and 
rests  on  soil  that  exerts  a linearly  distributed  upward  load  as  shown. 
Determine  the  values  of  coA  and  coB  corresponding  to  equilibrium. 
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PROBLEM  5.80 

The  cross  section  of  a concrete  dam  is  as  shown.  For  a 1-m-wide 
dam  section  determine  ( a ) the  resultant  of  the  reaction  forces 
exerted  by  the  ground  on  the  base  AB  of  the  dam,  ( b ) the  point  of 
application  of  the  resultant  of  Part  a , (c)  the  resultant  of  the 
pressure  forces  exerted  by  the  water  on  the  face  BC  of  the  dam. 


SOLUTION 

{a)  Consider  free  body  made  of  dam  and  triangular  section  of  water  shown.  (Thickness  = 1 m) 


Wj  = |(4.8  m)(7.2  m)(l  m)(2.4xl03  kg/m3  )(9. 81  m/s2) 

= 542.5  kN 

W2  = -t(2.4  m)(7.2  m)(l  m)(2.4x  103  kg/m3)(9.81  m/s2) 

= 203.4  kN 

W3  = ^-(2.4  m)(7.2  m)(l  m)(103  kg/m3)(9.81  m/s2) 

= 84.8  kN 

P = ^Ap  = t-(7.2  m)(l  m)(7.2  m)(103  kg/m3)(9.81  m/s2) 

= 254.3  kN 

-±.XFx=0:  H - 254.3  kN  = 0 H = 254kN— - ◄ 

+1x^=0:  V-  542.5  -203.4  -84.8  = 0 

V = 830.7  kN  V = 83 1 kN  j ◄ 
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PROBLEM  5.80  (Continued) 


(b)  *1  =|(4-8m)  = 3m 

J2  =4.8  + j(2.4)  = 5.6  m 
x3  = 4.8  + -^-(2.4)  = 6.4  m 

+)ZMa=  0:  xV  — XxfV  + P(2.4  m)  = 0 

4830.7  kN)  - (3  m)(542.5  kN)  - (5.6  m)(203.4  kN) 

- (6.4  m)(84.8  kN)  + (2.4  m)(254.3  kN)  = 0 

4830.7)  - 1 627.5  - 1 139.0  - 542.7  + 610.3  = 0 

4830.7)  -2698.9  = 0 

x = 3.25  m (To  right  of  A)  <4 

( c ) Resultant  on  face  BC 
Direct  computation: 

P = pgh  = (103  kg/m3)(9.81  m/s2)(7.2  m) 

P = 70.63  kN/m2 

, i a-m  * 

BC  = V(2.4)2  + (7.2)2 

= 7.589  m 
d = 18.43° 

R = -PA 

2 

= ^■(70.63  kN/m2 )(7.589m)(lm)  R = 268kN  ^ 18.43°  ◄ 


Alternate  computation:  Use  free  body  of  water  section  BCD. 


c P 


-R  = 268  kN  18.43° 

R = 268  kN  18.43°  ◄ 
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PROBLEM  5.81 

The  cross  section  of  a concrete  dam  is  as  shown.  For  a 1-ft-wide 
dam  section  determine  {a)  the  resultant  of  the  reaction  forces 
exerted  by  the  ground  on  the  base  AB  of  the  dam,  ( b ) the  point  of 
application  of  the  resultant  of  Part  a , (c)  the  resultant  of  the 
pressure  forces  exerted  by  the  water  on  the  face  BC  of  the  dam. 


SOLUTION 

The  free  body  shown  consists  of  a 1-ft  thick  section  of  the  dam  and  the  quarter  circular  section  of  water  above 
the  dam. 


Note: 


For  area  3 first  note. 


- Ni  4x21 
= 12.0873  # 


ft 


x2  =(21 + 4)  ft  = 25  ft 


x4  = I 50  - 


4x21 


3 n 
41.087  ft 


ft 


a 

X 

1 

I 

r2 

—r 

2 

II 

n 2 

4 r 

rl 

r 

4 

3 n 

Then 


x3  = 29  ft  + 


l(21)(21)2+(21-^f)( 
(21)2—  f(21)2 


ft 


= (29  + 4.6907)ft  = 33.691  ft 
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T C B 

PROBLEM  5.82 

* 

The  3 x 4-m  side  AB  of  a tank  is  hinged  at  its  bottom  A and  is  held  in  place  by  a 

1 

3 

m thin  rod  BC.  The  maximum  tensile  force  the  rod  can  withstand  without  breaking 

c 

1 

1 

1 

is  200  kN,  and  the  design  specifications  require  the  force  in  the  rod  not  to  exceed 

1 

A 

20  percent  of  this  value.  If  the  tank  is  slowly  filled  with  water,  determine  the 

maximum  diiowauie  uepm  oi  wdiei  u m me  idiix. 

SOLUTION 

Consider  the  free-body  diagram  of  the  side. 
We  have 


p = }-Ap  = ^-A(pgd) 


Now 

Where 
Then  for  dw 


+)IMa=  0:  hT-^P  = 0 
h = 3 m 


(3  m)(0.2  x200xl03  N)  — — 


~(4  mX£/mat)x(103  kg/m3  x 9.81  m/s2xdmax ) 


= 0 


or 

or 


120N  m-6.54C_  N/m2  =0 


dmnr  = 2.64  m ◄ 
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T C B 


PROBLEM  5.83 

The  3 x 4-m  side  of  an  open  tank  is  hinged  at  its  bottom  A and  is  held  in 
place  by  a thin  rod  BC.  The  tank  is  to  be  filled  with  glycerine,  whose  density 
is  1263  kg/m3.  Determine  the  force  T in  the  rod  and  the  reactions  at  the  hinge 
after  the  tank  is  filled  to  a depth  of  2.9  m. 


SOLUTION 


Consider  the  free-body  diagram  of  the  side. 


We  have 


Then 


or 


or 


p = }-Ap  = ^-A{pgd) 

= T[(2.9  m)(4  m)]  [(1263  kg/m3)(9.81  m/s2)(2.9  m)] 
= 208.40  kN 
+|^=0:  Ay=  0 


= 0:  (3m)r- 


2.9 


-m 


(208.4  kN)  = 0 


T = 67.151  kN 

±~IFx=0\  Ax  +208.40  kN-67.151  kN  = 0 

Ax  =-141.249  kN 


T 


T = 67.2  kN  ■* — ◄ 

A = 141.2  kN  - — ◄ 
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PROBLEM  5.84 


The  friction  force  between  a 6 x 6-ft  square  sluice  gate  AB  and  its  guides  is  equal 
to  10  percent  of  the  resultant  of  the  pressure  forces  exerted  by  the  water  on  the  face 
of  the  gate.  Determine  the  initial  force  needed  to  lift  the  gate  if  it  weighs  1000  lb. 


SOLUTION 

Consider  the  free-body  diagram  of  the  gate. 

t 

Now 

Pi  =\M  = |[(6x6)  ft2 ][(62.4  lb/ft3)(9  ft)] 

W- 

1 J 

[ l 

= 10,108.8  lb 

J -ft  1 

iw M 

rr 

Pu  =^Apu  =-t [(6x6) ft2] [(62.4  lb/ft3 )(1 5 ft)] 

= 16848  lb 

ft 

W 

Then 

F = 0.1/>  = 0.1(/]  +/]t) 

= 0. 1(10108.8  + 16848)lb 

= 2695.7  lb 

Finally 

+|lFy=0:  J- 2695.7  lb -1000  lb  = 0 

or  T = 3.70  kips  4 
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Ocean 


PROBLEM  5.85 


Marsli 


h - 6 ft 


(I 


B 

si 


3 ft 

_L 


A freshwater  marsh  is  drained  to  the  ocean  through  an  automatic  tide 
gate  that  is  4 ft  wide  and  3 ft  high.  The  gate  is  held  by  hinges  located 
along  its  top  edge  at  A and  bears  on  a sill  at  B.  If  the  water  level  in  the 
marsh  is  h-6  ft,  determine  the  ocean  level  d for  which  the  gate  will 
open.  (Specific  weight  of  salt  water  = 64  lb/ft3.) 
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PROBLEM  5.85  (Continued) 

With 

B = 0 and  h = 6 ft:  0 = 6y'(d -l)-6y(h-l) 

1 

II 

L/l 

\|n 

Data: 

/ = 64  lb/ft3 
y=  62.4  lb/ft3 

, , 62.4  lb/ft3 

64  lb/ft3 
= 4.875  ft 

d = 5.88  ft  ◄ 
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IT 

PROBLEM  5.86 

Water 

The  dam  for  a lake  is  designed  to  withstand  the  additional  force  caused 

6.6 

i in 

by  silt  that  has  settled  on  the  lake  bottom.  Assuming  that  silt  is 

/ 

equivalent  to  a liquid  of  density  ps  = 1.76x1 03  kg/m3  and  considering  a 

Silt 

1-m-wide  section  of  dam,  determine  the  percentage  increase  in  the 

1 1 

force  acting  on  the  dam  face  for  a silt  accumulation  of  depth  2 m. 

SOLUTION 


First,  determine  the  force  on  the  dam  face  without  the  silt. 

We  have  Pw  = j Apw  = j A(pgh) 

= ^■[(6.6  m)(l  m)][(103  kg/m3)(9.81  m/s2)(6.6  m)] 

= 213.66  kN 

Next,  determine  the  force  on  the  dam  face  with  silt 

We  have  P'v  = -^-[(4.6  m)(l  m)][(103  kg/m3)(9.81  m/s2)(4.6  m)] 

= 103.790  kN 

(Ps\  =[(2.0  m)(l  m)][(103  kg/m3)(9.81  m/s2)(4.6  m)] 

= 90.252  kN 

(Ps)„  =i[(2.0  m)(l  m)][(1.76xl03  kg/m3)(9.81  m/s2)(2.0  m)] 
= 34.531  kN 

Then  P'  = Pi  + (Ps)1+(Ps)u=  228.57  kN 

The  percentage  increase,  % inc.,  is  then  given  by 

% inc.  = — - P,v  x 1 00% 

A 

= (228.57 -213.66)  xlQQ% 

213.66 
= 6.9874% 


% inc.  = 6.98%  ◄ 
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PROBLEM  5.87 

The  base  of  a dam  for  a lake  is  designed  to  resist  up  to  120  percent  of 
the  horizontal  force  of  the  water.  After  construction,  it  is  found  that 
silt  (that  is  equivalent  to  a liquid  of  density  ps  = 1.76xl03  kg/m3)  is 
settling  on  the  lake  bottom  at  the  rate  of  12  mm/year.  Considering  a 
1-m-wide  section  of  dam,  determine  the  number  of  years  until  the 
dam  becomes  unsafe. 


SOLUTION 

From  Problem  5.86,  the  force  on  the  dam  face  before  the  silt  is  deposited,  is  Pw  = 213.66  kN.  The  maximum 
allowable  force  i^llow  on  the  dam  is  then: 

Pallow  =l.2Pw  =(1.5)(213.66  kN)  = 256.39 kN 

Next  determine  the  force  P'  on  the  dam  face  after  a depth  d of  silt  has  settled 


We  have  P’w  = ^-[(6.6- J)mx(l  m)][(103  kg/m3)(9.81  m/s2)(6.6- d)m] 

= 4.905(6.6  -J)2kN 

(Pv)t  = [d(\  m)][(103  kg/m3)(9.81  m/s2)(6.6-t/)m] 

= 9.81  (6.6  J-J2)kN 

(Ps  )n  = ![</(;  1 m)]  [(1 .76  x 1 03  kg/m3  >(9.81  m/s2  )(t/)m] 

= 8.6328 d2  kN 

P'  = P'v+(Ps)l  + (Ps  )n  = [4.905(43 .560  - 1 3 .2000 J + d1 ) 

+ 9.81(6.6  d -d2)  + 8.6328<i2]kN 
= [3.7278t/2  +213.66]kN 

Now  required  that  P'  = ,Pallow  to  determine  the  maximum  value  of  d. 

(3.7278 d2  + 213.66)kN  = 256.39  kN 
or  d-  3.3856  m 

Finally  3.3856  m = 12xlO“3-^-xN  or  /V  = 282  years  ◄ 

year 
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|^-0.64  in— 


PROBLEM  5.88 

A 0.5  x 0.8-m  gate  AB  is  located  at  the  bottom  of  a tank  filled 
with  water.  The  gate  is  hinged  along  its  top  edge  A and  rests  on  a 
frictionless  stop  at  B.  Determine  the  reactions  at  A and  B when 
cable  BCD  is  slack. 
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C \R  J 

0.27  m 

0.45  m 

A 

n/:' 

0.4«S  in 

1 

[—0.64  in— | 


PROBLEM  5.89 

A 0.5  x 0.8-m  gate  AB  is  located  at  the  bottom  of  a tank  filled  with 
water.  The  gate  is  hinged  along  its  top  edge  A and  rests  on  a frictionless 
stop  at  B.  Determine  the  minimum  tension  required  in  cable  BCD  to 
open  the  gate. 
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SOLUTION 

Consider  free  body  consisting  of  20-in.  length  of  the  trough  and  water 

/ = 20-in.  length  of  free  body 


Data: 


Then 


- 4-r 


-r2l 

4 


W = yv  = y 
PA=yr 


P = }-PArl  = I(yr)rl  = d yr2l 


+)1Ma=  0:  Tr-Wr-P\  -r  | = 0 


Tr  — 


n 2, 
y—r  l 
' 4 


4r 
3 n 


\yr2i 


= 0 


T = — yr2l  + — yr2l  = — yr2l 
3 6 2 

r = 62.4  lb/ft3  r = —ft  = 2ft  / =— ft 
12  12 


T = j (62.4  lb/ft3 )(2  ft)2  ^ ft 
= 208.00  lb 


V 

J 


T = 208  lb  ◄ 
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PROBLEM  5.91 

A 4x2-ft  gate  is  hinged  at  A and  is  held  in  position  by  rod  CD. 
End  D rests  against  a spring  whose  constant  is  828  lb/ft.  The  spring 
is  undeformed  when  the  gate  is  vertical.  Assuming  that  the  force 
exerted  by  rod  CD  on  the  gate  remains  horizontal,  determine  the 
minimum  depth  of  water  d for  which  the  bottom  B of  the  gate  will 
move  to  the  end  of  the  cylindrical  portion  of  the  floor. 


SOLUTION 

First  determine  the  forces  exerted  on  the  gate  by  the  spring  and  the  water  when  B is  at  the  end  of  the 
cylindrical  portion  of  the  floor 


We  have 

Then 

and 


Assume 
We  have 

Then 


For  dmin  so  that  gate  opens, 


sinO  = - 0 = 30° 

4 

xSP  = (3  ft)  tan  30° 

FSP  — kxSP 

= 828  lb/ft  x 3 ft  x tan30° 

= 1434.14  lb 

d > 4 ft 

P = Cp  = ^A(yh) 

Pl  = F[(4  ft)  (2  ft)]  x [(62.4  lb/ft3 )( d - 4)ft] 

= 249.6(</-4)lb 

P„  =i[(4  ft)(2  ft)]  x [(62.4  lb/ft3  )(</  - 4 + 4 cos 30°)] 
= 249.6(<f  - 0.53590°)lb 
W = 0 


(4 


Using  the  above  free-body  diagrams  of  the  gate,  we  have 


+)IMa=  0: 


f 4 ' 

-ft 


[249.6(<f -4)lb]  + | -ft 
3 y 


8, 


[249.6(<f  - 0.53590)lb] 


or 

or 


-(3  ft)(1434. 14  lb)  = 0 
(332.8 d -1331.2)  + (665.6 d - 356.70)  - 4302.4  = 0 

d = 6.00  ft 


d ^ 4 ft  =>  assumption  correct 


d = 6.00  ft  ◄ 
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PROBLEM  5.92 

Solve  Problem  5.91  if  the  gate  weighs  1000  lb. 

PROBLEM  5.91  A 4x2-ft  gate  is  hinged  at  A and  is  held  in 
position  by  rod  CD.  End  D rests  against  a spring  whose  constant  is 
828  lb/ft.  The  spring  is  undeformed  when  the  gate  is  vertical. 
Assuming  that  the  force  exerted  by  rod  CD  on  the  gate  remains 
horizontal,  determine  the  minimum  depth  of  water  d for  which  the 
bottom  B of  the  gate  will  move  to  the  end  of  the  cylindrical  portion 
of  the  floor. 


SOLUTION 

First  determine  the  forces  exerted  on  the  gate  by  the  spring  and  the  water  when  B is  at  the  end  of  the 
cylindrical  portion  of  the  floor 


We  have 

Then 

and 

Assume 
We  have 

Then 


sin  # = — 6 = 30° 
4 


XSP 


: (3  ft)  tan  30° 


FSP  = kxSP  = 828  lb/ft  x 3 ft  x tan30° 
= 1434.14  lb 

d > 4 ft 


P = \AP  = ^A(yh) 

1 , 


—lit— | 


(4Wcoi3o 


P,  = -[(4  ft)(2  ft)] x [(62.4  lb/ft  )(d  - 4)ft] 

= 249.6(c/-4)lb 

pu  = I [(4  ft)(2  ft)]  x [(62 .4  lb/ft3  )(d  - 4 + 4 cos  3 0°)] 


= 249. 6(c/  - 0.53590°)lb 
For  dmm  so  that  gate  opens,  W = 1000  lb 
Using  the  above  free-body  diagrams  of  the  gate,  we  have 


or 

or 


+;  1LMa  = 0 : - ft  [249.6(<f  - 4) lb]  + 


-ft 

j 


[249.6(c/- 0.53590)  lb] 


- (3  ft)(1434. 14  lb)  - (1  ft)(1000  lb)  = 0 
(332.8c/  - 133 1.2)  + (665.6 d - 356.70)  - 4302.4  - 1000  = 0 

d = 7.00  ft 


c/>4  ft  assumption  correct 


d = 7.00  ft  ◄ 
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PROBLEM  5.93 

A prismatically  shaped  gate  placed  at  the  end  of  a freshwater  channel  is 
supported  by  a pin  and  bracket  at  A and  rests  on  a frictionless  support  at  B. 
The  pin  is  located  at  a distance  h = 0.10  m below  the  center  of  gravity  C 
of  the  gate.  Determine  the  depth  of  water  d for  which  the  gate  will  open. 


SOLUTION 


First  note  that  when  the  gate  is  about  to  open  (clockwise  rotation  is  impending),  By — ► 0 and  the  line  of 
action  of  the  resultant  P of  the  pressure  forces  passes  through  the  pin  at  A.  In  addition,  if  it  is  assumed  that  the 
gate  is  homogeneous,  then  its  center  of  gravity  C coincides  with  the  centroid  of  the  triangular  area.  Then 


and 


Now 


a = — — (Q25  — h) 


3 151,3, 


a _ 8 
~b~  15 


j — (0.25  - h)  _ 8 
|(0.4)-i(f)  = !5 


Simplifying  yields 


289 

”45” 


d + \5h  = 


70.6 

~V2~ 


(1) 


Alternative  solution 


Consider  a free  body  consisting  of  a 1-m  thick  section  of  the  gate  and  the  triangular  section  BDE  of  water 
above  the  gate. 


Now 


P'  = \AP'  = \{dxlm){pgd) 

= \pgd 2 (N) 

( 10  A 

W'  = pgV  = pgj^-x— t/xt/xl  m 
= J5PSd2  (N) 
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PROBLEM  5.93  (Continued) 

Then  with  By  = 0 (as  explained  above),  we  have 

+)ZM4  =0: 

r 2 .. ..  i f 8 ,y 

—(0.4) d 

3 3U5  J 

[W)~ 

j- (0.25 -A) 

Simplifying  yields 

289  , ...  70.6 

d +\5h = 

45  12 

as  above. 

Find  d , 

h = 0.10  m 

Substituting  into  Eq.  (1) 

289  , .......  70.6 

d + 15(0. 10)  — 

45  12 

or  d = 0.683  m 4 
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PROBLEM  5.94 

A prismatically  shaped  gate  placed  at  the  end  of  a freshwater  channel 
is  supported  by  a pin  and  bracket  at  A and  rests  on  a frictionless  support 
at  B.  Determine  the  distance  h if  the  gate  is  to  open  when  d = 0.75  m. 


SOLUTION 


First  note  that  when  the  gate  is  about  to  open  (clockwise  rotation  is  impending),  By — ^0  and  the  line  of 
action  of  the  resultant  P of  the  pressure  forces  passes  through  the  pin  at  A.  In  addition,  if  it  is  assumed  that  the 
gate  is  homogeneous,  then  its  center  of  gravity  C coincides  with  the  centroid  of  the  triangular  area.  Then 


a=  y-(0.25-/z) 

2 8 

fd 

and 

Z>  = -(0.4)-  — 

3 15 

K ^ . 

Now 

a 8 

b 15 


so  that 


1 -(0.25-*)  _ 8 

f(0-4)  — Mlf  1! 


Simplifying  yields 


289 

45 


d + 15  h 


70.6 

12 


(1) 


Alternative  solution 


Consider  a free  body  consisting  of  a 1-m  thick  section  of  the  gate  and  the  triangular  section  BDE  of  water 
above  the  gate. 


Now 


p'  = y Ap  = -t  (d  x 1 m ){pgd) 

= \pgd 2 (N) 

( 1 8 

W’  = pgV  = pg\^x—dxdx\m 
= ~Pgd2  (N) 
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PROBLEM  5.94  (Continued) 

Then  with  B = 0 (as  explained  above),  we  have 

© 

ll 

'T' 

r 2 ,A  „ i r 8 ,y 

— (0.4) d 

3 305  J 

Simplifying  yields 

289  , ...  70.6 

d + 15h  = 

45  12 

as  above. 

Find  h, 

d = 0.75  m 

Substituting  into  Eq.  (1) 

(0.75)  + 15A  = or  /z  = 0.0711m4 

45  12 
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PROBLEM  5.95 

A 5 5 -gallon  23 -in. -diameter  drum  is  placed  on  its  side  to  act  as  a 
dam  in  a 30-in. -wide  freshwater  channel.  Knowing  that  the  drum  is 
anchored  to  the  sides  of  the  channel,  determine  the  resultant  of  the 
pressure  forces  acting  on  the  drum. 


SOLUTION 

Consider  the  elements  of  water  shown.  The  resultant  of  the  weights  of  water  above  each  section  of  the  drum 
and  the  resultants  of  the  pressure  forces  acting  on  the  vertical  surfaces  of  the  elements  is  equal  to  the  resultant 
hydrostatic  force  acting  on  the  drum.  Then 

p\  =\AP\  =\A(rh) 

~2 

= 286.542  lb 


7 30^ 

ftx 

f 23  V” 

— ft 

X 

(62.4  lb/ft3)  —ft 

1.12  J J 

L U2  JJ 

(— Iftx 

rn.5] 

ft 

X 

(62.4  lb/ft3)|  11-5  ft I 

LU2J 

l 12  J 

L \ 12  JJ 

P\\  ~ 2 APn  ~ 2 A(yh) 


'l 

:71.635  1b 


W]  = yV]  = (62.4  lb/ft3) 


W2  = yV2  = (62.4  lb/ft3) 


W3  = yV 3 = (62.4  lb/ft3) 


1 1.5^| 

2 

ft2-T 

71.5] 

2 

ft2 

{ 12  J 

4 

l 12  J 

^1 1.5  i 2 n(  11.5 
ft  + — 


12  , 


12  , 


ft3 


30 

—ft  | = 30.746  lb 
12 


30 

— ft  | = 255.80  lb 
12 


7l.5x2 


12 


ft2 


30 

— ft  1 = 112.525  lb 
12 


Then 


Finally 


Rx  = (286.542  - 71.635)  lb  = 214.91  lb 
+|  JFy:  Ry  = (-30.746  + 255.80  + 1 12.525)  lb  = 337.58  lb 


\Rl+R2,  =400.18  lb 


tan  0 = — 

K 

6 = 51.5° 


R = 400  lb  57.5°  A 
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PROBLEM  5.96 

Determine  the  location  of  the  centroid  of  the  composite  body  shown 
when  ( a ) h = 2b,  (b)  h = 2.5 b. 


SOLUTION 


V 

X 

xV 

Cylinder  I 

na2b 

Ih 

2 

1 2/2 

—na  b 

2 

Cone  II 

1 2 7 

—71  a n 

b +—h 

— na2h\  b +— h j 

3 

4 

3 l 4 J 

(a)  For  h = 2b: 


V = na2 


ZxV  = na 


V = na 


b + —h 
3 


-b2  +-hb  +—h2 

v2  3 12 


b + i(2b) 


5 2, 

■■—nab 

3 


ZxV  = na 
= na2b2 


1 9 1 1 9 

-b2  +-{2b)b  + —{2bf 

2 3 12 


1 2 1 

1 1 

2 3 3 


■ —na2b2 

2 


- 5 


XV=ZxV:  X\  —na2b  \ = —nazbz  X = —b 
3 J 2 10 


3 2,2  - 9 


Centroid  is  -^b  to  left  of  base  of  cone  4 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


659 


(, 6 ) For  h = 2.5b: 


PROBLEM  5.96  (Continued) 


V = Ka 


6 + -(2.56) 


= 1.8333 nalb 


-62  + -(2.56)6 +—(2.56)2 
2 3 12 


Ex  V = na 

= ;ra262[0.5  + 0.8333  + 0.52083] 


= 1.85416;ra262 

XV  = lxV : X(1.8333xa2b)  = 1.85416xa2b2  X = 1.01 1366 

Centroid  is  0.01 1366  to  right  of  base  of  cone  A 

Note : Centroid  is  at  base  of  cone  for  h - -Jbb  - 2.4496 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


660 


PROBLEM  5.97 

Determine  the  y coordinate  of  the  centroid  of  the  body  shown. 


SOLUTION 


First  note  that  the  values  of  Y will  be  the  same  for  the  given  body  and  the  body  shown  below.  Then 


V 

y 

yV 

Cone 

—7ra2h 

-~h 

— —7Ta2h2 

3 

4 

12 

Cylinder 

(a)\  1 2 

-n\  — b- — na  b 

-h 

1 2/2 

—7ta  b 

UJ  4 

2 

8 

X 

—a2(4h-3b) 

~—a\2h2  -3b2) 

12 

24 

We  have 

Then 


Yzv  = zyv 


-a\4h-3b) 

12 


a2(2h2-3b2) 

24 


or  Y = — 


2/?2  -3/>2 
2(4/? -3/)) 


◄ 
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PROBLEM  5.99 

The  composite  body  shown  is  formed  by  removing  a semiellipsoid  of 
revolution  of  semimajor  axis  h and  semiminor  axis  all  from  a 
hemisphere  of  radius  a.  Determine  ( a ) the  y coordinate  of  the  centroid 
when  h - all , (b)  the  ratio  h/a  for  which  y - -OAa. 


SOLUTION 


V 

y 

yv 

Hemisphere 

2 3 

-71  a 

3 

3 

— a 

8 

-—naA 

4 

Semiellipsoid 

2 ( a^\ 
— n\  — 

3 UJ 

2 , 1 2. 
n = — na  n 

6 

1 

00  I OJ 

+—7ra2h2 

16 

Then 

Now 
So  that 

or 

(a) 

Substituting 


or 


EV  = ^a2(4a-h) 

EyV  = -—a2(4a2  -h2) 
16 

YEV  -EyV 


Y 


-a2(4a-h) 


= -—a2(4a2-h2) 
16 


/.  h) 

3 

. fh) 

2 

4 — 

= — a 

4-  - 

V a) 

8 

\a) 

Y = ? when  h = — 

2 

— = — into  Eq.  (1) 
a 2 


r n 

3 

„ fi) 

2 

= — a 

4-  - 

l 2 J 

8 

UJ 

y 45 
Y = a 

112 


(1) 


Y = -0.402a  ◄ 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


663 


PROBLEM  5.99  (Continued) 


(b) 


— = ? when  Y = -OAa 
a 


Substituting  into  Eq.  (1) 

(-OAa) 


(A  h ' 

\ 3 

fh)2 1 

4 

\-~a 

4- 

- 

V aj 

1 8 

\a) 

or 


Then 


31- 


\2 


-3.2|  - 
. a) 


+ 0.8  = 0 

h_  3.2±V(-3.2)2-4(3)(0.8) 


a 2(3) 

3.2  ±0.8 


6 


hi  , h 2 
or  — = — and  — = — ^ 
a 5 a 3 
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PROBLEM  5.100 

For  the  stop  bracket  shown,  locate  the  x coordinate  of  the  center 
of  gravity. 


SOLUTION 


Assume  that  the  bracket  is  homogeneous  so  that  its  center  of  gravity  coincides  with  the  centroid  of  the 
volume. 


*■ 


V,  mm3 

x,  mm 

xV,  mm4 

1 

(100)(88)(12)  = 105600 

50 

5280000 

2 

(100X12)(88)  = 105600 

50 

5280000 

3 

2(62)(51)(10)  = 15810 

39 

616590 

4 

-2(66)(45X12)  = -17820 

34  + |(66)  = 78 

-1389960 

E 

209190 

9786600 

Then 


- ExV  9786600 

X — = mm 

EV  209190 


or  X - 46.8  mm  A 
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PROBLEM  5.101 

For  the  stop  bracket  shown,  locate  the  z coordinate  of  the  center  of 
gravity. 


SOLUTION 


Assume  that  the  bracket  is  homogeneous  so  that  it  center  of  gravity  coincides  with  the  centroid  of  the  volume. 


V,  mm3 

z,  mm 

zF,  mm4 

1 

(100)(88)(12)  = 105600 

6 

633600 

2 

(100)(12)(88)  = 105600 

12  + -t(88)  = 56 

5913600 

3 

-t  (62)(5 1)(1 0)  = 1 58 1 0 

12  +—(51)  = 29 

3 

458490 

4 

-i(66)(45)(12)  = -17820 

55  + |(45)  = 85 

-1514700 

i 

209190 

5491000 

Then 


5491000 

mm 

209190 


or  Z = 26.2  mm  A 
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SOLUTION 

First  assume  that  the  machine  element  is  homogeneous  so  that  its  center  of  gravity  will  coincide  with  the 
centroid  of  the  corresponding  volume. 


V,  mm3 

x,  mm 

y,  mm 

xV,  mm4 

yV,  mm4 

I 

(100)(18)(90)  = 162000 

50 

9 

8100000 

1458000 

II 

(16)(60)(50)  = 48000 

92 

48 

4416000 

2304000 

III 

tt(12)2(10)  = 4523.9 

105 

54 

475010 

244290 

IV 

— tt(1  3)2  (1 8)  = -9556.7 

28 

9 

-267590 

-86010 

X 

204967.2 

12723420 

3920280 

We  have  YY.V  = IyV 

7(204967.2  mm3)  = 3920280  mm4  or  7 = 19.13  mm  ◄ 
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SOLUTION 

For  half  cylindrical  hole: 


For  half  cylindrical  plate: 


V,  in.3 

y,  in. 

z,  in. 

W,  in-4 

zV,  in.4 

I 

Rectangular  plate 

(7X4X0.75)  = 21.0 

-0.375 

3.5 

-7.875 

73.50 

II 

Rectangular  plate 

(4)(2)(1)  = 8.0 

1.0 

2 

8.000 

16.00 

III 

-(Half  cylinder) 

-T(1.25)2(l)  = 2.454 

1.470 

2 

-3.607 

-4.908 

IV 

Half  cylinder 

y(2)2(0.75)  = 4.712 

-0.375 

-7.85 

-1.767 

36.99 

V 

-(Cylinder) 

— tt(1.25)2  (0.75)  = -3.682 

-0.375 

7 

1.381 

-25.77 

i 

27.58 

-3.868 

95.81 

Yxv  = xyv 

7(27.58  in.3)  = -3.868  in.4 


Y = -0.1403  in.  ◄ 
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SOLUTION 

For  half  cylindrical  hole: 


For  half  cylindrical  plate: 


V,  in.3 

y,  in. 

z,  in. 

W,  in.4 

zV,  in.4 

I 

Rectangular  plate 

(7)(4)(0.75)  = 21.0 

-0.375 

3.5 

-7.875 

73.50 

II 

Rectangular  plate 

(4X2)0)  = 8.0 

1.0 

2 

8.000 

16.00 

III 

-(Half  cylinder) 

-y(1.25)2(l)  = 2.454 

1.470 

2 

-3.607 

-4.908 

IV 

Half  cylinder 

T(2)2  (0.75)  = 4.712 

-0.375 

-7.85 

-1.767 

36.99 

V 

-(Cylinder) 

— ^r(1.25)2  (0.75)  = -3.682 

-0.375 

7 

1.381 

-25.77 

X 

27.58 

-3.868 

95.81 

Now 


ZXF=zF 

Z(27.58  in.3)  = 95.81  in.4 


Z = 3.47  in.  ◄ 
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SOLUTION 

First  assume  that  the  machine  element  is  homogeneous  so  that  its  center  of  gravity  will  coincide  with  the 
centroid  of  the  corresponding  volume. 


V,  mm3 

x,  mm 

y,  mm 

xV,  mm4 

yV,  mm4 

I 

(100X18X90)  = 162000 

50 

9 

8100000 

1458000 

II 

(16)(60)(50)  = 48000 

92 

48 

4416000 

2304000 

III 

;t(12)2(10)  = 4523.9 

105 

54 

475010 

244290 

IV 

— ^r(13)2  (1 8)  = -9556.7 

28 

9 

- 267590 

-86010 

X 

204967.2 

12723420 

3920280 

We  have  XZV  = ZxV 

X(204967.2  mm3)  = 12723420  mm4  X = 62.1  mm  ◄ 
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PROBLEM  5.106 

Locate  the  center  of  gravity  of  the  sheet-metal  form  shown. 


SOLUTION 

First,  assume  that  the  sheet  metal  is  homogeneous  so  that  the  center  of  gravity  of  the  form  will  coincide  with 

7i  = — j(l  -2)  = -0.4  m 

z,  = 1(3.6)  = 1.2  m 
4(1.8)  2.4 

cTTT  — : — m 


A,  m2 

x,  m 

y,  m 

z,  m 

xA,  m3 

yA,  m3 

zA , m3 

I 

1(3.6)(1.2)  = 2.16 

1.5 

-0.4 

1.2 

3.24 

-0.864 

2.592 

II 

(3.6)(1.7)  = 6.12 

0.75 

0.4 

1.8 

4.59 

2.448 

11.016 

III 

T(1.8)2  =5.0894 

2 

2.4 

K 

0.8 

1.8 

-3.888 

4.0715 

9.1609 

X 

13.3694 

3.942 

5.6555 

22.769 

We  have 


Xiy  = YxV\  X(13.3694  m2)  = 3.942  m3 
Y1LV  = ~LyV:  7(13.3694  m2)  = 5.6555  m3 
ZYLV  = EzF:  Z(13.3694m2)  = 22.769  m3 


or  X = 0.295  m ◄ 
or  7 = 0.423  m ◄ 
or  Z = 1.703  m ◄ 
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PROBLEM  5.107 

Locate  the  center  of  gravity  of  the  sheet-metal  form  shown. 


SOLUTION 

First  assume  that  the  sheet  metal  is  homogeneous  so  that  the  center  of  gravity  of  the  form  will  coincide  with 
the  centroid  of  the  corresponding  area.  Now  note  that  symmetry  implies 

X = 125  mm  ◄ 


= 283.05  mm 


A,  mm2 

y,  mm 

z,  mm 

yA,  mm3 

zA,  mm3 

I 

(250X170)  = 42500 

75 

40 

3187500 

1700000 

II 

y(80)(250)  = 31416 

200.93 

50930 

6312400 

1600000 

III 

— (125)2  =24544 

2 

283.05 

0 

6947200 

0 

X 

98460 

16447100 

3300000 

We  have  YEA-EyA:  7(98460  mm2)  = 16447100  mm3  or  7 = 1670  mm  M 

ZEA  = EE  A:  Z(98460  mm2)  = 3.300xl06mm3  or  Z = 33.5  mm  ◄ 
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PROBLEM  5.108 


A wastebasket,  designed  to  fit  in  the  comer  of  a room,  is  16  in.  high 
and  has  a base  in  the  shape  of  a quarter  circle  of  radius  1 0 in.  Locate 
the  center  of  gravity  of  the  wastebasket,  knowing  that  it  is  made  of 
sheet  metal  of  uniform  thickness. 


SOLUTION 

By  symmetry:  X = Z 

For  III  (Cylindrical  surface)  x = — = ^ = 6.3662  in. 

K K 

A = ?-rh  = ^( 10)(16)  = 251.33  in.2 
4 r 4(10) 

For  IV  (Quarter-circle  bottom)  x = — = = 4.2441  in. 

3n  3 n 

A = — r2  = — (10)2  = 78.540  in.2 
4 4 


A,  in.2 

x,  in. 

x,  in. 

xA , in.3 

yA,  in.3 

I 

(10)(16)  = 160 

5 

8 

800 

1280 

II 

(10)(16)  = 160 

0 

8 

0 

1280 

III 

251.33 

6.3662 

8 

1600.0 

2010.6 

IV 

78.540 

4.2441 

0 

333.33 

0 

X 

649.87 

2733.3 

4570.6 

XX  A = XxA:  X(649.87  in.2)  = 2733.3  in.3 

X = 4.2059  in.  X = Z = 4.21in.  ◄ 

YXA  = Xy  A : 7(649.87  in.2)  = 4570.6  in.3 

Y = 7.0331  in.  Y = 7.03  in.  ◄ 
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SOLUTION 

First,  assume  that  the  sheet  metal  is  homogeneous  so  that  the  center  of  gravity  of  the  bracket  coincides  with 
the  centroid  of  the  corresponding  area.  Then  (see  diagram) 


A,  in.2 

x,  in. 

y,  in. 

z,  in. 

xA,  in.3 

yA,  in.3 

zA , in.3 

I 

(2.5X6)  = 15 

1.25 

0 

3 

18.75 

0 

45 

II 

(1.25X6)  = 7.5 

2.5 

-0.625 

3 

18.75 

-A.6S75 

22.5 

III 

(0.75)(6)  = 4.5 

2.875 

-1.25 

3 

12.9375 

-5.625 

13.5 

IV 

-(f)® =-3-75 

1.0 

0 

3.75 

3.75 

0 

-14.0625 

V 

-0.61359 

1.0 

0 

1.98474 

0.61359 

0 

-1.21782 

X 

22.6364 

46.0739 

10.3125 

65.7197 

We  have  XI A = IxA 

X(22.6364  in.2)  = 46.0739  in.3  or  X = 2.04  in.  ◄ 

YIA  = lyA 

7(22.6364 in.2)  = -10.3125  in.3  or  7=-0.456in.  ◄ 

ZIA  = IzA 

Z(22.6364  in.2)  = 65.7197  in.3  or  Z = 2.90  in.  ◄ 
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SOLUTION 

First  assume  that  the  plastic  is  homogeneous  so  that  the  center  of  gravity  of  the  organizer  will  coincide  with 
the  centroid  of  the  corresponding  area.  Now  note  that  symmetry  implies 

Z = 30.0  mm  A 


x4  = 36  + 


n 
2x6 
n 


= 39.820  mm 


2x6 

Xo  =58 = 54.180  mm 


x^q  —133  + 


n 

2x6 

71 


= 136.820  mm 


y2  = y 4 =y«  =yw  = 6- 


2x6 


K 


■ 2.1803  mm 


2x5 

y6  =75  + = 78.183  mm 

n 

K 9 

A2  =A4=A8  =Al0  =-x 6x60  = 565.49  mm 
A6  -nx 5x60  = 942.48  mm2 
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PROBLEM  5.110  (Continued) 


A,  mm2 

x,  mm 

y,  mm 

xA , mm3 

yA , mm3 

1 

(74)(60)  = 4440 

0 

43 

0 

190920 

2 

565.49 

2.1803 

2.1803 

1233 

1233 

3 

(30)(60)  = 1800 

21 

0 

37800 

0 

4 

565.49 

39.820 

2.1803 

22518 

1233 

5 

(69)(60)  = 4140 

42 

40.5 

173880 

167670 

6 

942.48 

47 

78.183 

44297 

73686 

7 

(69)(60)  = 4140 

52 

40.5 

215280 

167670 

8 

565.49 

54.180 

2.1803 

30638 

1233 

9 

(75)(60)  = 4500 

95.5 

0 

429750 

0 

10 

565.49 

136.820 

2.1803 

77370 

1233 

X 

22224.44 

1032766 

604878 

We  have  XEA  = ExA:  X(22224.44 mm2)  = 1032766  mm3  or  X = 46.5  mm  ◄ 

YEA  = Ey A:  Y( 22224.44  mm2)  = 604878  mm3  or  Y = 27.2  mm  ◄ 
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SOLUTION 


First,  assume  that  the  sheet  metal  is  homogeneous  so  that  the  center  of  gravity  of  the  awning  coincides  with 
the  centroid  of  the  corresponding  area. 


yu  =ym  =4+ <-4->('25->=  14.6103  in. 


3 n 

(4)(25)  _ 100  . 


37T 


3 K 


in. 


yw 


■ 4+  (2)(25)  =19.9155in. 


K 


_ (2)(25)  50  . 

Zjy  = = — in. 

n n 


An  = AVI  =^(25)2  = 490.87  in.2 
Ajy  =-y(25)(34)  = 1335.18  in.2 


A,  in.2 

y,i  n. 

z,  in. 

yA,  in.3 

zA , in.3 

I 

(4X25)  = 100 

2 

12.5 

200 

1250 

II 

490.87 

14.6103 

100 

3 K 

7171.8 

5208.3 

III 

(4X34)  = 136 

2 

25 

272 

3400 

IV 

1335.18 

19.9155 

50 

71 

26591 

21250 

V 

(4)(25)  = 100 

2 

12.5 

200 

1250 

VI 

490.87 

14.6103 

100 

In 

7171.8 

5208.3 

X 

2652.9 

41607 

37567 
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PROBLEM  5.111  (Continued) 

Now,  symmetry  implies 

X = 17.00  in.  ◄ 

and 

YZA  = ZyA: 

7(2652.9  in.2)  = 41607  in.3 

or  Y = 15.68  in.  ◄ 

ZZA  = ZzA: 

Z(2652.9  in.2)  = 37567 

or  Z = 14.16  in.  A 
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SOLUTION 

First,  assume  that  the  sheet  metal  is  homogeneous  so  that  the  center  of  gravity  of  the  duct  coincides  with  the 
centroid  of  the  corresponding  area.  Also,  note  that  the  shape  of  the  duct  implies 

Y = 38.0  mm  ◄ 


2 

Note  that  xl=zl=  400 (400)  = 145.352  mm 

n 


Z =300-  — (200)  = 215.12  mm 
37T 


Also  note  that  the  corresponding  top  and  bottom  areas  will  contribute  equally  when  determining  x and  z. 


A,  mm2 

x,  mm 

z,  mm 

xA,  mm3 

zA , mm3 

I 

y(400)(76)  = 47752 

145.352 

145.352 

6940850 

6940850 

II 

T(200)(76)  = 23876 

272.68 

172.676 

6510510 

4122810 

III 

100(76)  = 7600 

200 

350 

1520000 

2660000 

IV 

2( 

(400)2  =251327 

230.23 

230.23 

57863020 

57863020 

v 4 V 

V 

-2 

' n' 

(200)2  =-62832 

315.12 

215.12 

-19799620 

-13516420 

A, 

VI 

-2(100)(200)  = -40000 

300 

350 

-12000000 

-14000000 

X 

227723 

41034760 

44070260 
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PROBLEM  5.112  (Continued) 

We  have 

XEA  = ExA:  X(227723  mm2)  = 41034760  mm3 

or  X = 180.2  mm  4 

ZEA  = Ez  A:  Z (227723  mm2 ) = 44070260  mm3 

or  Z =193.5  mm  4 
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PROBLEM  5.113 


An  8-in.-diameter  cylindrical  duct  and  a 4 x 8-in.  rectangular 
duct  are  to  be  joined  as  indicated.  Knowing  that  the  ducts  were 
fabricated  from  the  same  sheet  metal,  which  is  of  uniform 
thickness,  locate  the  center  of  gravity  of  the  assembly. 


SOLUTION 

Assume  that  the  body  is  homogeneous  so  that  its  center  of  gravity  coincides  with  the  centroid  of  the  area. 


A,  in.2 

x,  in. 

y,  in. 

xA,  in.3 

yA,  in.3 

1 

/r(8)(12)  = 96/r 

0 

6 

0 

516k 

2 

-f(8)(4)  = -16/r 

2(4)  _ 8 

n n 

10 

-128 

-160/r 

3 

—(4)2  = 8k 

2 

4(4)  _ 16 

3/r  37T 

12 

-42.667 

96k 

4 

(8X12)  = 96 

6 

12 

576 

1152 

5 

(8X12)  = 96 

6 

8 

576 

768 

6 

(4)2  =-&r 

2 

4(4)  _ 16 

3n  3k 

8 

-42.667 

-64;r 

7 

(4)(12)  = 48 

6 

10 

288 

480 

8 

(4)(12)  = 48 

6 

10 

288 

480 

£ 

539.33 

1514.6 

4287.4 

Then 


- Ex  A 1514.67. 

X = = m. 

EA  539.33 


or  X = 2.81  in.  ◄ 


- EyA  4287.4 . 

Y = — — = in. 

EA  539.33 


or  Y = 7.95  in.  4 
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SOLUTION 

First  assume  that  the  wire  is  homogeneous  so  that  its  center  of  gravity  will  coincide  with  the  centroid  of  the 
corresponding  line. 


xl  = 0.3sin60°  = 0.15v/3  m 
zj  = 0.3cos60°  = 0.15  m 


^0.6sin30^ 


0.6sin30° 

IL 

6 


sin  30°  = — m 
n 


cos30°  = ^-y/3  m 

K 


— |(0.6)  = (0.2;r)m 
v 3 


L,  m 

x,  m 

y,  m 

z,  m 

xL , m2 

yL,  nr 

zL,  m2 

1 

1.0 

0.15  A 

0.4 

0.15 

0.25981 

0.4 

0.15 

2 

0.2;r 

0.9 

0 

0.9^3 

0.18 

0 

0.31177 

n 

K 

3 

0.8 

0 

0.4 

0.6 

0 

0.32 

0.48 

4 

0.6 

0 

0.8 

0.3 

0 

0.48 

0.18 

i 

3.0283 

0.43981 

1.20 

1.12177 

We  have 


X1LL  = XxL: 

V(3.0283  m)  = 0.43981m2 

or 

X = 0.1452  m ◄ 

7XL  = 'LyL: 

7(3.0283  m)  = 1.20  m2 

or 

F = 0.396  m ◄ 

ZZL  = YzL: 

Z(3.0283  m)  = 1.12177  m2 

or 

Z=  0.370  m ◄ 
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PROBLEM  5.115 

Locate  the  center  of  gravity  of  the  figure  shown,  knowing  that  it  is 
made  of  thin  brass  rods  of  uniform  diameter. 


SOLUTION 

Uniform  rod 


AB 2 = (1  m)2  + (0.6  m)2  + (1.5  m)2 
AB  = 1.9  m 


L,  m 

x,  m 

y,  m 

z,  m 

xL,  m2 

yL,  m2 

'LL,  m2 

AB 

1.9 

0.5 

0.75 

0.3 

0.95 

1.425 

0.57 

BD 

0.6 

1.0 

0 

0.3 

0.60 

0 

0.18 

DO 

1.0 

0.5 

0 

0 

0.50 

0 

0 

OA 

1.5 

0 

0.75 

0 

0 

1.125 

0 

X 

5.0 

2.05 

2.550 

0.75 

X~LL  = LxL\  X(5.0  m)  = 2.05  m2 
YYL  = LyL\  7(5.0  m)  = 2.55  m2 
ZY.L  = LzL\  Z(5.0m)  = 0.75  m2 


X = 0.410  m ◄ 
Y = 0.510  m ◄ 
Z =0. 1500m  ◄ 
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SOLUTION 

By  symmetry:  X = 0 ■A 

19 


L , in. 

in. 

z,  in. 

yL,  in.2 

zL,  in.2 

AB 

V302  +162  =34 

15 

0 

510 

0 

AD 

V302  +162  =34 

15 

8 

510 

272 

AE 

V302  +162  =34 

15 

0 

510 

0 

BDE 

^(16)  = 50.265 

0 

2(16)  =10.186 
n 

0 

512 

X 

152.265 

1530 

784 

YYL=Y,yL : 7(152.265  in.)  = 1530  in.2 

Y = 10.048  in.  Y = 10.05  in.  ◄ 

ZYL  = YzL:  Z(1 52.265  in.)  = 784  in.2 

Z = 5.149  in.  Z = 5.15  in.  ◄ 
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PROBLEM  5.117 


The  frame  of  a greenhouse  is  constructed  from  uniform  aluminum 
channels.  Locate  the  center  of  gravity  of  the  portion  of  the  frame 
shown. 
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PROBLEM  5.118 

A scratch  awl  has  a plastic  handle  and  a steel  blade  and  shank.  Knowing  that  the  density  of  plastic  is  1030  kg/m3 
and  of  steel  is  7860  kg/m3,  locate  the  center  of  gravity  of  the  awl. 

50  in 

— 10  mm 

■ JU  1 11  in  * 

1 

1 ! 

L J , 

SfJ  II II II  • A 

\ A 

1 j 

3.5  mm 

SOLUTION 

First,  note  that  symmetry  implies 

'I 


m 


IPIASTK.) 


+ 


12 


Xj  = —(12.5  mm)  = 7.8125  mm 


W1  = (1030  kg/m3) 


— y 1(0.0125  m)3 


= 4.2133xl0“3kg 
= 52.5  mm 


71 

V4  j 


Wn  = (1030  kg/m3)  — (0.025  m)2  (0.08  m) 


= 40.448  xl0“3  kg 
xm  = 92.5  mm  - 25  mm  = 67.5  mm 

Wm  = -(1030kg/m3)|Aj(0.0035  m)2(.05  m) 

= -0.49549  xlO-3  kg 
182.5  mm -70  mm  = 112.5  mm 


*iv 


'if 

V 4 J 


.+£- 

x 


Ww  =(7860  kg/m3)  — (0.0035  m)2(0.14  m)2  = 10.5871xl0“3  kg 


1 


xv  =182.5  mm + — (10  mm)  = 185  mm 


wy  = (7860  kg/m3 )[  y ] (0.00175  m)2(0.01  m)  = 0.25207xl0“3  kg 


Y = Z = 0 ◄ 
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PROBLEM  5.118  (Continued) 


w,  kg 

x,  mm 

xW,  kg  mm 

I 

4.123xl0'3 

7.8125 

32.916xl0'3 

II 

40.948  xlO'3 

52.5 

2 123.5  xlO'3 

III 

-0.49549x1  O'3 

67.5 

-33.447X10'3 

IV 

10.5871xl0'3 

112.5 

1191.05X10'3 

V 

0.25207  xlO-3 

185 

46.633  xlO'3 

z 

55.005  xlO-3 

3360.7  xlO'3 

We  have 
or 


X1W  = l,xW : X(55.005xl0“3  kg)  = 3360.7  xlO'3  kg  mm 


X = 61.1  mm  A 
(From  the  end  of  the  handle) 
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PROBLEM  5.119 

A bronze  bushing  is  mounted  inside  a steel  sleeve.  Knowing  that  the 
specific  weight  of  bronze  is  0.318  lb/in.3  and  of  steel  is  0.284  lb/in.3, 
determine  the  location  of  the  center  of  gravity  of  the  assembly. 


SOLUTION 

First,  note  that  symmetry  implies 


X = Z = 0 ◄ 


Now 


We  have 


or 


W = (pg)V 

3?!  = 0.20 in.  Wl  =(0.284 lb/in.3)|  ^ (l.82  - 0.752 )in.2  (0.4 in.)|  = 0.23889 lb 
yn  = 0.90 in.  Wu  =(0.284  lb/in.3 )j  — 1 (l,1252  -0.752)in.2  (l in.) f = 0.156834 lb 


f _\ 

n 


V ^ y L 

flP 


ym  = 0.70  in.  Wm  = (0.318  lb/in.3 )l  — (o.752  -0.52  )in.2  (1.4  in.)  I = 0.109269  lb 


v4y 


YZ,W  = Z,yW 

- _ (0.20  in. )(0. 23889  lb)  + (0.90  in.)(0. 156834  lb)  + (0.70  in.)(0. 109269  lb) 


0.23889  lb  + 0. 156834  lb  + 0. 109269  lb 


Y =0.526  in.  ◄ 
(above  base) 
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PROBLEM  5.120 

A brass  collar,  of  length  2.5  in.,  is  mounted  on  an  aluminum  rod 
of  length  4 in.  Locate  the  center  of  gravity  of  the  composite  body. 
(Specific  weights:  brass  = 0.306  lb/in.3,  aluminum  = 0.101  lb/in.3) 


SOLUTION 


Aluminum  rod: 


Brass  collar: 


l.fe  in. 

rn 


T 

4 m. 

J_ 


3 


& in. 

H 


1 

2.5  in. 


• * 


f = o.ioi 


^(1.6  in.)2  (4  in.) 


•^-O.'iOCo  lb/ w\^ 


W = yV 

= (0.101  lb/in.3) 

= 0.81229  lb 
W = yV 


= (0.306  lb/in.3)— [(3  in.)2  -(1.6  in.)2](2.5  in.) 
4 

= 3.8693  lb 


Component 

W(  lb) 

v (in.) 

yW  (lb  • in.) 

Rod 

0.81229 

2 

1.62458 

Collar 

3.8693 

1.25 

4.8366 

X 

4.6816 

6.4612 

YI.W  = IlyW:  F(4.68161b)  = 6.46121bin. 

F = 1.38013  in. 


Y = 1.380  in.  ◄ 
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PROBLEM  5.121 

The  three  legs  of  a small  glass-topped  table  are  equally  spaced  and  are 
made  of  steel  tubing,  which  has  an  outside  diameter  of  24  mm  and  a 
cross-sectional  area  of  150  mm2.  The  diameter  and  the  thickness  of 
the  table  top  are  600  mm  and  10  mm,  respectively.  Knowing  that  the 
density  of  steel  is  7860  kg/m3  and  of  glass  is  2190  kg/m3,  locate  the 
center  of  gravity  of  the  table. 


SOLUTION 

First  note  that  symmetry  implies 

Also,  to  account  for  the  three  legs,  the  masses  of  components  I and  II  will  each  bex 
multiplied  by  three 


=12  + 180  — 


2x180 


K 


n 


= 77.408  mm 

- ^ i0„  2x280 

—12  + 1 80  + - 


n\  - PSTV\  - 7860  kg/m  x (1 50  x 1 0 m ) x — (0. 1 80  m) 
= 0.33335  kg 


n 


n 


■ 370.25  mm 


= pSTvn  = 7860 kg/m  x (150x10  mz)x  — (0.280 m) 
= 0.51855  kg 


ym  =24  + 180  + 280  + 5 mm  = pGLVm  = 2190  kg/m3  x— (0.6 m)2  x(0.010  m) 


= 489  mm 


= 6.1921  kg 


We  have 


or 


YYm  = Yym : 7(8.7478  kg)  = 3681.3  kg  • mm 
Y = 420.8  mm 


X = Z = 0 ◄ 


m,  kg 

+,  mm 

ym,  kg  mm 

I 

3(0.33335) 

77.408 

77.412 

II 

3(0.51855) 

370.25 

515.98 

III 

6.1921 

489 

3027.9 

X 

8.7478 

3681.3 

The  center  of  gravity  is  421  mm  M 
(above  the  floor) 
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PROBLEM  5.122 

Determine  by  direct  integration  the  values  of  x for  the  two  volumes  obtained  by  passing  a vertical  cutting 
plane  through  the  given  shape  of  Figure  5.21.  The  cutting  plane  is  parallel  to  the  base  of  the  given  shape  and 
divides  the  shape  into  two  volumes  of  equal  height. 

A hemisphere 


SOLUTION 

Choose  as  the  element  of  volume  a disk  of  radius  r and  thickness  dx.  Then 

dV  = nr1  dx,  xEL  = x 

OOO  000 

The  equation  of  the  generating  curve  is  x + y =a  so  that  r -a  -x  and  then 


dV  = n(a 2 -x2)dx 


Component  1 


and 


ptf/2  2 2 

V,  = n(a  — x )dx  = k 

Jo 


11  3 
= — na 
24 


J xELdV  = J x^nia2  -x2)<ixj 


all 


2 X 

a x 

3 


Jo 


= 7T 


2 X2  X4 


-i  a/2 


2 4 


Jo 


7 4 

= — na 
64 


Now 

Component  2 


X\V\  = lXELdV:  X1 


— na 
v24  y 


V 4 

= — na 
64 


V2=[  n{a2—x2)dx- 

Jal 2 


:;r 


r3 

2 x 
a X 

3 


J a/2 


2n  a 3 

a (a) 

1 

a 2 

3 

i 

m 

<N 

--n\ 


5 3 

= — na 
24 


_ 21  . 
or  x,  = — a ^ 
1 88 
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PROBLEM  5.122  (Continued) 


and 


Now 


J xELdV  = J ^ x^7r(a2  - x2)JxJ  — k ci2 


[ 2 (a)2 

(a)4" 

\m  (f)i 

L 2 

4 

a 

2 4 

XlV 2 


-L 


- 1 A 

24 


XEL^^  ’ X2  _ 77 Cl 


9 4 

= — 7l  a 

64 


27 

or  x?  = — a A 
2 40 
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PROBLEM  5.123 

Determine  by  direct  integration  the  values  of  x for  the  two  volumes  obtained  by  passing  a vertical  cutting 
plane  through  the  given  shape  of  Figure  5.21.  The  cutting  plane  is  parallel  to  the  base  of  the  given  shape  and 
divides  the  shape  into  two  volumes  of  equal  height. 

A semiellipsoid  of  revolution 


SOLUTION 


Choose  as  the  element  of  volume  a disk  of  radius  r and  thickness  dx.  Then 

dV  = nr1  dx,  xEL  = x 

2 2 
X V 

The  equation  of  the  generating  curve  is  — + = 1 so  that 

n a 


and  then 


2 

2 a n 2 2 \ 

r =-j{h  -x  ) 
h 

2 

dV  = n?-(h2  -x2)dx 

h2 


Component  1 


and 


Now 


Component  2 


or  x,  = — h A 
1 88 
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PROBLEM  5.123  (Continued) 


and 


Now 
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PROBLEM  5.124 

Determine  by  direct  integration  the  values  of  x for  the  two  volumes  obtained  by  passing  a vertical  cutting 
plane  through  the  given  shape  of  Figure  5.21.  The  cutting  plane  is  parallel  to  the  base  of  the  given  shape  and 
divides  the  shape  into  two  volumes  of  equal  height. 

A paraboloid  of  revolution 


SOLUTION 

Choose  as  the  element  of  volume  a disk  of  radius  r and  thickness  dx.  Then 

dV  = nr2  dx , xEL  = x 

h 2 2 £7^ 

The  equation  of  the  generating  curve  is  x-h —y  so  that  r = — (h  — x) 


and  then 


dV  = K — ( h-x)dx 
h 


Component  1 


rhi 2 a- 

Vi  = k — ( h-x)dx 
Jo  h 

2 r o -\h/2 


2 


= 7T- 


a 


hx-  — 


Jo 


= —7ra2h 
8 


and 


r chl2 

r i 

)NLdv=l  x 

1 

& 

i 

w 
; | ^ 
i 

= /r- 


2 3 

hX  X 


-ih/2 


JO 


1 2 7 2 

= — 71  a h 

12 


Now 

Component  2 


« = I, 


xEE  dV . Xj 


3 2y 

— 71  a h 
8 y 


1 2 7 2 

= — 7ia h 
12 


or  x,  = —h  A 
1 9 
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PROBLEM  5.124  (Continued) 


and 


Now 


PROPRIETARY  MATERIAL.  © 2010  The  McGraw-Hill  Companies,  Inc.  All  rights  reserved.  No  part  of  this  Manual  may  be  displayed, 
reproduced  or  distributed  in  any  form  or  by  any  means,  without  the  prior  written  permission  of  the  publisher,  or  used  beyond  the  limited 
distribution  to  teachers  and  educators  permitted  by  McGraw-Hill  for  their  individual  course  preparation.  If  you  are  a student  using  this  Manual, 
you  are  using  it  without  permission. 


696 


PROBLEM  5.125 

Locate  the  centroid  of  the  volume  obtained  by  rotating  the  shaded  area 
about  the  x axis. 


SOLUTION 

First  note  that  symmetry  implies 
and 

We  have 
at 

or 


y = 0 ◄ 

z=0  ◄ 


y = k(X  - h)2 

x = 0,  y = a:  a = k(-h)2 


k= 4 

h2 


Choose  as  the  element  of  volume  a disk  of  radius  r and  thickness  dx.  Then 

2 


Now 


so  that 


Then 


dV  = Kr  dx,  XEL  = x 


r = ^(x-hf 

h 

2 

dV  = nfr(x-h)4dx 

hA 


V ■ 


Jo  h 

■ —7ra2h 
5 


f*  , , ,4  , ^ a2  f 

7T—r(x-n)  dx- - 

Jo  /,4  V 7 5 h4  L 


and 


Jx£i//F=  J\ 


_2 


7T^-r(x-  h)4  dx 

h4 


-71^—  (*  (x5  - 4/zx4  + 6h2x 3 - 4/z3x2  + h4x)dx 
h4  Jo 

2 


= /T- 


1 6 475  3 ,2  4 4,33  1742 

— x hx  H — h x h x H — h x 

6 5 2 3 2 


nA 


JO 


Now 


1 2/2 
= — 7ia  h 

30 


xV  - \xELdV\  x 


— ah  - — ah 

5 J 30 


or  x = — h A 
6 
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SOLUTION 

First  note  that  symmetry  implies 

Choose  as  the  element  of  volume  a disk  of  radius  r and  thickness  dx.  Then 

dV  = nr1  dx,  xEL  = x 


Now 

r = kx 1/3 

so  that 

dV  = 7rk2x2,2dx 

II 

II 

X 

a = khm 

or 

k~  — 

Then 

dV  =n 

a2 

x2l3dx 

:IN 

and 

M 

[h  a2  2/3  i 
x—^jxx  dx 

'o  hm 

a2 

71  h2'2 

i i 

1 uj 

x 

1 1 

h 

0 

_ 3 
~~  5 

:na2h 

l 

Also 

II 

l£ 

t x[n  a...xmdx 

'o  l h 2/3 

3 2/2 

-—na  h 

8 

Now 

xV  = 

jxdV: 

3 

-Ka 

5 

-n- 


,2/3 


-A3 

8 


Jo 


3 2/2 

-—na  h 
8 


y = 0 ◄ 
z=0  ◄ 


or  x = —h  A 
8 
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SOLUTION 

First,  note  that  symmetry  implies 

Choose  as  the  element  of  volume  a disk  of  radius  r and  thickness  dx.  Then 

dV  = nr1  dy,  yEL  = y 


x — h 4 
z=0  ◄ 


o l^T  o o l^T  I o o" 

Now  x = —(a  -y  ) so  that  r = h-  — Ja  -y 
2 a 


Then 

and 

Let 

Then 


dV  = 71  — — la  — ^Ja^  - y2  j dy 
a ' ' 

>’  = a sin  # ^ dy  = a cos  # 


K 


/?2  r^/2/  — 2 — 2 — \2 

= J \a-yla  -a  sin  OjacosOdd 

Jq2  rnl2y  _ 2 2 2 "1 

= ;r—  J -2a(<2COS#)  + (<2  -a  sin  #)Jacos# 

? f^/2  9 9 

-7rah  (2cos<9-2cos  #-sin  <9cos#W<9 

Jo 


= /ra/z 


= tt^/z2 


2sin#-2 


2-2 


f 9 sin  2#  'l  1 . 


— + - 


-\7tll 


— sin  6 


( n \ 

1 

_2_ 

2 j 

3 

V J 

= 0.095870;ra/r 
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PROBLEM  5.127  (Continued) 


and 


\yELdv=\Qy  x^{a-yja2  -y2'}  dy 


= n—  2 a 


a 2 Jo 


2 y ~ 2ayy] a2  ->>2  -y3)dy 


= 7T- 


a2y2+-a(a2-y2f2--y4 


Jo 


■-7T- 


a 


a2  (a)2  — —a4 


-a(a2f2 

3 


1 2/2 
= — na  h 
12 


Now 


yy=jyELdV:  y(0.0958707rah2)  = -^na2h2  or  y=  0.869a  ◄ 
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SOLUTION 

First,  note  that  symmetry  implies  y - 0 4 

z=0  ◄ 


Choose  as  the  element  of  volume  a disk  of  radius  r and  thickness  dx. 
Then  dV  = nr1  dx,  xEL  = x 

TCX 

Now  r-b  sin  — 

2a 


so  that 


dV  - nb1  sin2  — dx 
2 a 


Then 


r2a  2 • 2 nx 

- nb  sin  — t 

Ja 

2a 

-nb1 

x sing 

2 2 — 

a 

= nb2\ 

[(f)-(f)] 

-—nab1 

2 

and 


nb  sin2  — dx 
2 a 


\ 


J 


Use  integration  by  parts  with 


u-x 


du  - dx 


dV  = sin2 


nx 
2 a 


sin  — 

a_ 

In 

a 
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PROBLEM  5.128*  (Continued) 


Then 


jxELdV  = 7t  b1  < 


2 ^ 


V 

- 2 a 

- ri 

i 

). 

L 1 

9 Ik 

a J 


dx 


= nb 


2 a 


f-U 

^ 0s 

l 2 J 

1 ? cl  nx 

—x  + — -cos  — 
4 2n  a 


-\2a 


-Kb 


\2  @ 1 . >2  @ 


-(2ar+  — ~-(ay+-  2 

4 2jc  4 2n 2 


= ;ra2h2 


^ 1_ 

4 ;r2/ 


= 0.64868;ra2Z>2 


Now 


= \~X 


xV  = | xELdV:  x \ — Kab 2 | = 0.64868;ra2Z>2 


or  x 


= 1.297a  ◄ 
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\f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

x 1 

\ 1 

PROBLEM  5.129* 

Locate  the  centroid  of  the  volume  generated  by  revolving  the 
portion  of  the  sine  curve  shown  about  the  y axis.  {Hint:  Use  a 
thin  cylindrical  shell  of  radius  r and  thickness  dr  as  the  element 
? of  volume.) 

X 

SOLUTION 

First  note  that  symmetry  implies 

Choose  as  the  element  of  volume  a cylindrical  shell  of  radius  r and  thickness  dr. 


x = 0 A 
z=0< 


Then 

Now 

so  that 

Then 

Use  integration  by  parts  with 


Then 


dV  = (2  nr)(y)(dr),  yEL  = -t  y 


7 . nr 
y = b sin  — 
2 a 


dV  = 2nbr  sin— dr 
2 a 

[2ci  jiy 

V - 2nbrs\n — dr 

Ja  2 a 


nr 

dv  = sin  — dr 
2 a 

2 a nr 

v — cos  — 

n 2 a 


u = rd 
du  = dr 

V = 2nb< 


= 2Kb\-—\(2a)(-\)\  + 
n 


- 

f 2 a 

nr\ 

2 a 

r2af  2 a 

nr  \ 

(r) 

— 

cos — 

— 

— 

cos — \dr 

1 n 

2a  )_ 

a 

la  yn 

2d)  j 

r 

2a) 

4a2 

. nr 

sin  — 

\ 

n2 

2 a 

f 

a J 

V = 2nb 


U a2  4a2  ^ 


v 71  K J 


8 azb\  1-  — 
n 

: 5.4535 a2b 
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PROBLEM  5.129*  (Continued) 


Also 


\^dr= f i',sinS' 


KY 

2nbr  sin  — dr 
2 a 


— 7ibA 


p2  a 

Ja 


. 2 nr 
rsm  — dr 
2 a 


Use  integration  by  parts  with 


u-r 


du  = Jr 


dv  = sin2  — Jr 
2a 

r sin  — 

1 n 


V 2 


2^r 


Then 


■Kb2 


(r) 


f 

r 

sin^A 

a 

- 2 a 

- r i 

[r— 

sin  — ^ 

a 

dr 

2~ 

V 

In 

a ) 

1 1 

- a 

l2 

In 

a ) 

= Kb2 


2 2 

r a 7ir 

2a] 

( 2 A f a\ 

— 

+ -COS 

l 2 ) \2)\ 

4 2 k2  a 

f 

a J 

Now 


(2a)2  a2 

4 2;r2 


= Ka2b2 


r 2 
4 


= 2.0379 a2b2 


yV  = jyELdV:  y(5.4535a2b)  = 2.0379a2Z> 2 


or  y = 0.374Z?  ^ 
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PROBLEM  5.130* 

Show  that  for  a regular  pyramid  of  height  h and  n sides  (n  = 3,  4,...)  the  centroid  of  the  volume  of  the  pyramid 
is  located  at  a distance  h! 4 above  the  base. 
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u 

PROBLEM  5.131 

. Determine  by  direct  integration  the  location  of  the  centroid  of  one-half  of  a 

thin,  uniform  hemispherical  shell  of  radius  R. 

\R 

X 
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SOLUTION 


(a) 


Bowl 

First  note  that  symmetry  implies 


x = 0 M 
1 = 0 ◄ 


for  the  coordinate  axes  shown  below.  Now  assume  that  the  bowl  may  be  treated  as  a shell;  the  center  of 
gravity  of  the  bowl  will  coincide  with  the  centroid  of  the  shell.  For  the  walls  of  the  bowl,  an  element  of 
area  is  obtained  by  rotating  the  arc  ds  about  the  y axis.  Then 


<N 

II 

and 

(. yEL  )wall  “ ^ C0S  ® 

pn/1 

Then 

A wall  = 1 2nR 

Jn/6 

nil 


= 2nR  [-cos^ 

= Wm2 


and 


Twall  Avail  “ J* (T EL  ) wall  AA 
rnll 

= (-RcosO)(27rR2  sinOdO) 

Jn/6 


^/?3[cos2<2 

-■--nR3 

4 


By  observation 
Now 


A — — 7?2  — 

^base  — ^ ^ ’ Tbase 


ylA  = ZyA 


2 


or 


or 


f 7T\f?>R2  +-R2]  = --ttR3  + — R2 

121,} 

{ 4)4  4 

2 J 

-0.487637?  R = 250  mm 


-121.9mm  ◄ 
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PROBLEM  5.132  (Continued) 


(b)  Punch 

First  note  that  symmetry  implies  x = 0 <4 

z=0  ◄ 

and  that  because  the  punch  is  homogeneous,  its  center  of  gravity  will  coincide  with  the  centroid  of 
the  corresponding  volume.  Choose  as  the  element  of  volume  a disk  of  radius  x and  thickness  dy.  Then 


Now 
so  that 

Then 


and 


Now 


or 


dV  = nx2dy,  yEL  = y 


x2  + y2  = R2 


dV  = k(R2  -y2)dy 

r‘L,d{Rl-^ 


--7T 


R2y--yi 

3 


-|0 


- -f3/2R 


= ~K 


R 2 


2 


' '<-£r 
2 


= -ttJ3R3 
8 


\yELdV=  £ {y)[K(R2  -y2)dy 


--7T 


-R2y2--/ 
2 4 


-i0 


-n 


-R2 

2 


- -V3/2 R 
2 

R 


r 73  v ^ 


J 


\4 


R 


64 


W=\yELdV: 


64 
5 


y= ]=R  R = 250  mm  y= -90.2  mm  A 

8V3 
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PROBLEM  5.133 

After  grading  a lot,  a builder  places  four  stakes  to  designate  the 
comers  of  the  slab  for  a house.  To  provide  a firm,  level  base  for 
the  slab,  the  builder  places  a minimum  of  3 in.  of  gravel 
beneath  the  slab.  Determine  the  volume  of  gravel  needed  and 
the  x coordinate  of  the  centroid  of  the  volume  of  the  gravel. 
(Hint:  The  bottom  surface  of  the  gravel  is  an  oblique  plane, 
which  can  be  represented  by  the  equation;;  = a + bx  + cz) 
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Then 


The  volume  is: 


Then 


Therefore: 


PROBLEM  5.133  (Continued) 


r ^ r50f30*rl  1 1 

\xFTdV  = — 1h xH z 

J Jo  Jo  4 45  50 


dxdz 


_ 1 f50 

_ 4 Jo 

l r50 

= - (650  + 9 z)dz 

4 Jo 

1 


X 1 3 Z 2 
— + X + X 

2 135  100 


9 9 
650z  + — z2 
2 


-i50 


JO 


= 10937.5  ft 


30 


dz 


10937.5ft4 
687.5  ft3 


= 15.9091  ft 


V = 688  ft3  ◄ 
x=  15.91  ft  ◄ 
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PROBLEM  5.134 


Determine  by  direct  integration  the  location  of  the  centroid  of 
the  volume  between  the  xz  plane  and  the  portion  shown  of  the 
surface  y—  1 6h(ax  - x2)(bz  - z2)/a2b2. 
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PROBLEM  5.134  (Continued) 


and 


j^-rn 


16/?  . 2VL  2x 
— r-r-(<ax-x  )(bz  - z ) 

a b 


-j-x  (ax  - x2  )(bz  - z2  )dx  dz 
a b 


f f (a2 x2  - 2ax 3 + x4)(b2z2  - 2 bz3  + z4)dxdz 

Jo  Jo 


128/?  I** 

a4/?4  Jo  Jo 

128/z2  r*  2 2 


128/7  2 2 3 4 x 

= — J7J-  (62z2-2fe3+z4) 

a2Z>4  Jo 


£7  3 £7  4 1 z 

X X +— X 

3 2 5 


dz 


128  r 


4t  4 

a b 

6Aah2 


15b 


^(a)3_«(fl)4+I(a)5 

3 2 5 

^(Z))3_6  4+J_  5 

3 2 5 


Z>z  3 b „4  1 5 

— z — z +— z 

3 Z 5 


—abh1 

225 


Now 


yv=\yELdv-  y^-abh 


32 

225 


abh 1 


~ 8 fc  ^ 

or 
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PROBLEM  5.135  (Continued) 


Then 


and 


Now 


and 


r7T  nht 

= 2 Jq  — (1  - cos  9)d9  = aht[9  - sin  9]* 
■ naht 


JyELdV  = 2 ~ cos9) 


-^-(1-cos  9)d9 


ah  t 


12  Jo 


f (5-6  cos  0 + cos2  6)d0 

Jo 


ah2 1 


12 


rn  c-  n o sin  2# 

5#-6sm#H l 

2 4 


11  7 2 

= — K ah  t 
24 


r r7? 

aht 

jzELdV  = 2j  a cos# 

^-(l- cos  9)d  9 

= a2ht 


. 6 sin  2 6 

sin  0 

2 4 


1 27 

— 7ra  ht 

2 


yV  = J yELdV : y{naht)  = —7rah2t 

— f—  — 1 2 

zK  = z^(iF:  z{Kaht)~ — 7ra  ht 

J 2 


- 1 1 / ^ 
or  v = — h A 

24 


or  z = -—a  <4 
2 
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PROBLEM  5.136* 

Locate  the  centroid  of  the  section  shown,  which  was  cut  from  an  elliptical 
cylinder  by  an  oblique  plane. 
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and 

Let 

Then 


Now 

So  that 

Then 


Also 

Let 

Then 


Using 


PROBLEM  5.136*  (Continued) 


\yELdv  - j\ 


1 h ,,  . 

— x — ( b-z ) 

2 2 b 


2 -Vz>2-z2 

b 


/ L 


— (b-z) 
2b 


dz 


2 z2t/z 


4 /?  J-ft 
z = 6 sin  6 dz  = b cos  Odd 

]_ah  r*7 2 _ s.n  CQS  cos  dd0) 

4 b 3 J-^/2 


= — aZ>/z2  f (cos2  0 - 2 sin  0 cos2  0 + sin2  0 cos2  0)d0 

4 J-^/2 


sin  0 = 


sin2  0 cos2  0 


(1  - cos  20)  cos2  # = ^ (1  + cos  20) 
:^(l-cos2  26) 


\yELdv  = \abh2  J 


4 

= —abh 2 


'Till 

}-7T/2 


cos2  0 - 2 sin  0 cos2  0 + — (1  - cos2  20) 
4 


dO 


0 sin  20^ 

1 

2 4 


1 3.1.1  0 sin  4# 

+ -cos  0 +— 0-  — — + 

3 4 4(2  8 


1 nil 


-7tH 


\zELdV- 


- — 7Tabh 2 

32 

- ,;2 

j-b  [ b 

ah  rb 

V L 


2b 


(b-z) 


dz 


2 -2</z 


z = b sin  6 dz  - b cos  OdO 
ah  c7112 


[zELdV  = \ f (b  sin  #)[Z?(l-sin  6)](b  cos  6)x(b  cos  OdO) 

J hZ  J-n/2 


- ab2h 


f (sin  0 cos2  0 - sin2  0 cos2  0)d0 

J-tt/2 


sin2  6 cos2  0 


1 2 

(1-cos  20)  from  above 


J zELdV  = ab2h 


rJil2 


-n!2 


sin  0 cos2  6 --^(1-  cos2  20) 


dO 


= abh 


1 3_  ln  10  sin4  0 

— cos 5 0--0  + -\  — + 

3 4 4l  2 


-itt/2 


= ~—nab2h 


—I  — tt/2 
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Now 


and 


PROBLEM  5.136*  (Continued) 


yV=\yELdv-. 
zK=  \zELdV: 


—7Tabh 

.2  j 


- — K abh2 

32 


—nabh 

2 


— 7Tab2h 

8 


or  y = —h  M 
16 


or  z—  b M 
4 
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u 

PROBLEM  5.137 

30  mm 

♦ 

1 

54  mm 

Locate  the  centroid  of  the  plane  area  shown. 

48  mm 

1 

* 

54  mm 

72  mm 

SOLUTION 


A,  mm2 

x,  mm 

y,  mm 

xA,  mm3 

yA,  mm3 

1 

126x54  = 6804 

9 

27 

61236 

183708 

2 

— xl26x30  = 1890 

2 

30 

64 

56700 

120960 

3 

— x72x48  = 1728 

2 

48 

-16 

82944 

-27648 

X 

10422 

200880 

277020 

Then  XZLA=ZLxA 

X(10422  m2)  = 200880  mm2  or  X = 19.27  mm  ◄ 

and  YZA  = ZyA 

7(10422  m2)  = 270020  mm3  or  7 = 26.6  mm  4 
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'J 

x = ky2 

PROBLEM  5.138 

/;  = 

i 

Locate  the  centroid  of  the  plane  area  shown. 

4 in. 

i 

8 in 

X 

SOLUTION 


Dimensions  in  in. 


A,  in.2 

x,  in. 

y,  in- 

xA,  in.3 

yA,  in.3 

1 

|(4)(8)  = 21.333 

4.8 

1.5 

102.398 

32.000 

2 

-I(4)(8)  = -16.0000 

5.3333 

1.33333 

85.333 

-21.333 

X 

5.3333 

17.0650 

10.6670 

Then 


and 


XZA  = ZxA 

X(5.3333  in.2)  = 17.0650  in.3 
YZA  = ZyA 

7(5.3333  in.2)  = 10.6670  in.3 


or  X = 3.20  in.  M 

or  Y = 2.00  in.  4 
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0.6  in 


PROBLEM  5.139 

The  frame  for  a sign  is  fabricated  from  thin,  flat  steel  bar  stock  of  mass 
per  unit  length  4.73  kg/m.  The  frame  is  supported  by  a pin  at  C and  by  a 
cable  AB.  Determine  ( a ) the  tension  in  the  cable,  ( b ) the  reaction  at  C. 


SOLUTION 


First  note  that  because  the  frame  is  fabricates  from  uniform  bar  stock,  its  center  of  gravity  will  coincide  with 
the  centroid  of  the  corresponding  line. 

Fig*.  <>.B£ 

*5  = 0.toTY\ 


L,  m 

x,  m 

xL,  m2 

1 

1.35 

0.675 

0.91125 

2 

0.6 

0.3 

0.18 

3 

0.75 

0 

0 

4 

0.75 

0.2 

0.15 

5 

T(0.75)  = 1.17810 

1.07746 

1.26936 

X 

4.62810 

2.5106 

Then  X~LL  = 'LxL 

1(4.62810)  = 2.5106 

or  X = 0.54247  m 

The  free-body  diagram  of  the  frame  is  then 

Where  W = (rnLL)g 

= 4.73  kg/mx4. 62810  mx9.81  m/s 


= 214.75  N 
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PROBLEM  5.139  (Continued) 

Equilibrium  then  requires 

(a) 

EMC  =0: 

(1.55  m) 

-7^)-  (0.54247  m)(214.75  N)  = 0 

) 

or 

Tba  = 125.264  N or  TBA  = 125.3  N ◄ 

(b) 

% 

II 

O 

Cx- 1(125.264  N)  = 0 

or 

Cx  =75.158  N — 

© 

II 

Cy  + ^-(125.264  N)  - (214.75  N)  = 0 

or 

Cy  =114.539  Nf 

Then 

C = 137.0  56.7°  ◄ 
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PROBLEM  5.140 

Determine  by  direct  integration  the  centroid  of  the  area  shown.  Express 
your  answer  in  terms  of  a and  h. 


SOLUTION 

By  observation 
For  y2 : at 
at 

Then 

Now 


i-* 


Then 


yx  — — x + h = h 


■ = 0,  y = h : h = k(  1-0)  or  k = h 


x = a,  y = 0:  0 = /?(!  - ca2 ) or  C = — 


y2  = h 


f x2^ 
a , 


dA  = (y2  - yx  )dx 
= h 


■ h 


f x2^ 

v « j 

r i\ 

X X 


v a a j 


1-* 


dx 


dx 


XEL  ~ X 


y el  =fy\-yi) 


M 

+ 

f x© 

V a) 

l a )_ 

2 \ 

?_X_X^ 

^ 2 
a ° y 


r ra  1 

( 2\ 
X X 

II 

•8 

A2  x3 " 

o 

II 

II 

a1  j 

2 a 3 a2 

■—ah 

6 
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PROBLEM  5.140  (Continued) 


and 


\xELdA  ~ j0 


r 2 ^ 

X X 


a J 


dx 


= h 


f 3 4 ^ 

X X 

3 a 4 a2 


- — a2h 
12 


Cah(  x x 2 

Jo  21 


a a 


iv"di  - 1 

ri  2i_3£i+£. 

2 Jo  a n n 


X X 


\a  a J 


dx 


h2 


x2  x3  x5 

^ + 

a a 5a 


dx 


-—ah2 

10 


-f 


xA-  | xELdA:  x 


— ah  \ = —a2h 

6 J 12 


yA=  \yELdA-  y[hah 


- —a2h 

10 


x = —a  M 
2 

y = — h ◄ 
5 
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PROBLEM  5.141 

Determine  by  direct  integration  the  centroid  of  the  area  shown.  Express  your 
answer  in  terms  of  a and  b. 


SOLUTION 

First  note  that  symmetry  implies 


at 


Then 


or 


Then 


Now 


and 

Then 

and 


x — a,  y = b 

yx:  b — ka2  or  k = 

a 

b 2 
Ti  - ~yx 
a 

y2 : b = 2b-  ca2 
b 


r 

a j 


y i=b 

dA  = (y2  - yx  )dx2 


2 \ 


2-^ 
a j 


—x2 

a2 


dx 


= 2b 


%I7T  % 


x2^ 


dx 


-M 


..2  A 


26  1-- 


dx  — 2b 


x -- 


3az 


y = b ◄ 


( x© 

2 

4 

j xELdA=\\ 

2 b\  1-2- 

dx 

= 2 b 

A,  A, 

L l « J 

2 

4a  _ 

= —ab 

3 


= -azb 
2 


xA—  | xELdA:  x \ — ab 


= —a2b 
2 


- 3 ^ 

x =—  a 

8 
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PROBLEM  5.142 

Knowing  that  two  equal  caps  have  been  removed  from  a 10-in. -diameter  wooden 
sphere,  determine  the  total  surface  area  of  the  remaining  portion. 
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PROBLEM  5.143 

Determine  the  reactions  at  the  beam  supports  for  the  given  loading. 


SOLUTION 


Now 


or 


or 


/?,  = (3  m)(900  N/m) 

= 2700  N 

Rn  =^(1  m)(900  N/m) 

= 450  N 

+.EFx  = 0:  Ax=  0 
T,Mb  = 0 : -(3  m)Ay  + (1 .5  m)(2700  N)  - jj  m j (450  N)  = 0 

Ay  = 1300  N A = 1300N|^ 

+|EFy=0:  1300 N - 2700  N + - 450 N = 0 

By  = 1850  N B = 1850  N | -4 


S 

• 

A ^ 

tnv 

‘B  1 

lTV>  [ 
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PROBLEM  5.144 

A beam  is  subjected  to  a linearly  distributed  downward 
load  and  rests  on  two  wide  supports  BC  and  DE , which 
exert  uniformly  distributed  upward  loads  as  shown. 
Determine  the  values  of  wBc  and  wDE  corresponding  to 
equilibrium  when  wA  = 600  N/m. 
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PROBLEM  5.145 

The  square  gate  AB  is  held  in  the  position  shown  by  hinges  along  its  top  edge  A 

( 

f j\ 

and  by  a shear  pin  at  B.  For  a depth  of  water  d-  3.5  ft,  determine  the  force 

1.8  ft 

exerted  on  the  gate  by  the  shear  pin. 

I 

| — 
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SOLUTION 


V 

X 

W 

Rectangular  prism 

Lab 

-L 

2 

— L2ab 

2 

Pyramid 

MO4 

L + -h 

4 

i ( M 

-abh\  L + —h 

6 { 4 

Then 


EV  = ab 


L + — h 
6 


Ex  V - —ab 
6 


XEV =ExV 


f l VI 
L + — h 

3L2  +h 

v 4 

X 


ab 


i ^1 

1 , 

= —at 

. 6 )\ 

6 

f,  1 

1 r 

= -L 

l 6 Lj 

6 

Now 

so  that 

or 


(a)  X = ? when  h = — L 
2 

h 1 

Substituting  — = — into  Eq.  (1) 


or 


. h l hz 

3h h — - 

L 4 L2 


riY 

l=iz 

[3+fi] 

1 

+ — 

rn 

2 

6 

v2y. 

6 

UJ 

4 

A) 

104 


(1) 


X = 0.548L  ◄ 
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PROBLEM  5.146  (Continued) 

(b)  — = ? when  X - L 

L 

Substituting  into  Eq.  (1) 

T , 1 h\  lrf,  h 1 h2) 

l.  6 LJ  6 { LAP 

or 

, 1 h 1 1 h 1 h2 

] _| — | | 

6 L 2 6 L 24  L2 

or 

I=2^  A 
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PROBLEM  5.147 

Locate  the  center  of  gravity  of  the  sheet-metal  form  shown. 


SOLUTION 


First  assume  that  the  sheet  metal  is  homogeneous  so  that  the  center  of  gravity  of  the  form  will  coincide  with 
the  centroid  of  the  corresponding  area. 


yj  =0.18  + i(0.12)  = 0.22m 

zI=i(0.2m) 


_ _ 2x0.18  0.36 

Xn  - Ln  - - m 


Xjy  = 0.34- 


n n 
4x0.05 


3 n 

- 0.31878  m 


A,  m2 

x,  m 

y,  m 

z,  m 

xA,  m3 

yA,  m3 

zA , m3 

I 

-t(0.2)(0.12)  = 0.012 

0 

0.22 

0.2 

~Y 

0 

0.00264 

0.0008 

II 

—(0.18X0.2)  = 0.01 8* 

0.36 

0.36 

0.1 

0.00648 

0.00648 

0.005655 

2 

71 

71 

III 

(0.16)(0.2)  = 0.032 

0.26 

0 

0.1 

0.00832 

0 

0.0032 

IV 

-2-(0.05)2  =-0.00125^ 

0.31878 

0 

0.1 

-0.001258 

0 

-0.000393 

X 

0.096622 

0.013542 

0.00912 

0.009262 
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PROBLEM  5.147  (Continued) 


XEV  = ExV: 

1(0.096622  m2)  = 0.013542  m3 

or 

X = 0.1402  m ◄ 

YZV  = ZyV: 

7(0.096622  m2)  = 0.00912  m3 

or 

Y=  0.0944  m ◄ 

ZZV  = ZzV: 

Z(0.096622  m2)  = 0.009262  m3 

or 

Z = 0.0959  m ◄ 
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'/ 

PROBLEM  5.148 

!/  = U 

i ) 

x ' Locate  the  centroid  of  the  volume  obtained  by  rotating  the  shaded  area  about 

the  x axis. 

bH 

.t 

l in 

3 m 
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